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Although beauty and utility often are contradictory qualities, they can some­
times be nicely combined, as is shown in the fascinating world of liquid crys­
tals. Some of their important applications in today's world are Liquid Crystal 
Displays (LCD's) in laptops or modern televisions; but also the more common 
digital watches and calculators contain liquid crystal molecules. The liquid 
crystals in this kind of devices form layers, sandwiched between two flat walls 
with electrically conducting coatings. By means of an electric field, parts of 
the liquid crystal layer can be switched from a bright to a dark state, within 
a short response time. 
In the operation of these liquid crystal display cells, surface effects play 
a major role. In order to study those surface effects, liquid crystals can be 
confined in small volumes, reducing the bulk contributions. The behaviour 
of confined liquid crystals is interesting from both fundamental and applied 
points of view. In the confined liquid crystals, which are the basis of all display 
devices, the effects of finite size (3 —> 2 dimensions) and surface interaction on 
physical properties (like refractive indices, heat capacity, molecular ordering, 
phase transitions and dynamics) can be observed. 
So far, most confined systems that are studied are porous media. The 
problem of these systems is the diversity in pore sizes and the contribution 
of pore-роге interactions that could distort the pure confinement effects. To 
avoid these problems we confine the liquid crystals in thin planar films to 
study the surface effects. We can control different parameters as strain and 




In this thesis I will present measurements on one liquid crystal that is chem-
ically very stable. We measured the influence of confinement on two of its 
properties: the phase transition temperature and the dynamics. The outline 
is as follows: after an introduction to liquid crystals in chapter 2, containing a 
list of some of the most common liquid crystalline phases and a description of 
some important properties of liquid crystals in general, I will describe the used 
experimental technique (Quasielastic light scattering) in chapter 3. This will 
be followed by a theoretical chapter about the influence of finite size effects 
on the dynamics and phase transitions in liquid crystals. In chapter 5 the 
experimental set-up together with some experimental details will be given. 
In chapter 6 to chapter 9 the results of our phase transition and dynamical 
measurements will be described, including a discussion of these results. 
Chapter 2 
Liquid crystals 
2.1 Introduction to liquid crystals 
2.1.1 The nature of liquid crystals 
Liquid crystals are organic materials that do not just show a single transition 
from a solid to a liquid (as shown by most materials), but usually exhibit 
a series of transitions involving new kinds of phases (different from the gas, 
liquid and solid phase). The mechanical and symmetry properties of these 
phases are intermediate between those of a liquid and those of a crystal. 
This explains the name Liquid Crystals. A better, but hardly used, name is 
Mesomorphic phases (mesomorphic means of intermediate form). The liquid 
crystalline phases can be found in materials consisting of highly anisotropic 
molecules, that interact with each other. The molecules can, for instance, be 
shaped as rods or disks. 
In a liquid crystal there is no positional order in at least one direction and 
the molecules can move as in a liquid. The anisotropic molecules, however, 
exhibit long range orientational order (and sometimes also partly positional 
order) (see figure 2.1), which leads to typical crystalline properties, like bi-
refringence. On average, the orientation of the molecules in a mesoscopic 
volume VQ (small compared to the system size, but large with respect to the 
molecular size) is in one preferred direction specified by the unit vector n, 
which is called the director. 
15 
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2.1.2 H i s t o r y 
Although the first observations of liquid crystalline properties are already 
dated around 1850, 1888 is known as the year of the discovery of liquid crys­
tals. In that year, the botanist F. Reinitzer observed the melting behaviour of 
a organic substance related to cholesterol which seemed to have "two melting 
points". From the solid phase it first melted to a cloudy liquid, while at a 
higher temperature it turned to a clear liquid. The physicist 0. Lehmann 
investigated this and other substances further under a polarising microscope. 
He became convinced that the cloudy liquid was a uniform liquid phase, that 
affected polarised light in a way typical for solids. This combination of char­
acteristics eventually led Lehmann to label these substances Liquid Crystals. 
Since then, a lot of experimental and theoretical work has been done on liquid 
crystals. A large overview of what is known about these systems can be found 
in the book of P.G. de Gennes [1]. 
Nowadays liquid crystals are widely used, while the development of more 
sophisticated liquid crystal devices will probably lead to even more applic­
ations. Therefore liquid crystals are of great technological importance and 
liquid crystal research has a strong utility aspect. 
2.2 Thermotropic liquid crystals 
There are several ways to induce transitions between liquid crystalline phases. 
The most common one is to change the temperature. Liquid Crystals (LCs) 
with temperature induced phase transitions are called thermotropic liquid 
crystals. These LCs can show a variety of intermediate phases of which I will 
give a list in this section. Note that the total number of liquid crystalline 
phases depends on the material. 
The liquid crystalline phase closest to the isotropic liquid phase (I) is the 
nematic phase (N). A nematic flows like a liquid (with a rather high viscosity), 
but the molecules are, on the average, oriented in one direction, defined as the 
director η (see figure 2.1 b.). There is no positional order in three dimensions. 
A related phase is the cholesteric phase (N*) which is the equivalent of the 
nematic phase for chiral molecules1. In this phase, the orientation of the 
molecules follows a helical structure. 
1
 Chiral molecules axe different from their mirror image and induce circular polarisation 
when interacting with light. 
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Figure 2.1: Some possible liquid crystalline phases in a system of rod-like mo-
lecules a The isotropic phase b The nematic phase no positional order, only 
onentational order along the director η с. The smectic-A phase a layered struc­
ture, where the molecules form a two dimensional liquid in the planes The director 
is normal to the layers d The smectic-C phase, a layered structure as the smectic-A 
phase, but the director makes an angle ω with respect to the normal of layers. 
When the temperature is lowered, transitions to other (more ordered) 
phases can take place, which are called smectics. These smectics (Sm) have 
positional order in one direction: the molecules he in liquid-like two-dimensional 
layers A lot of different smectic phases are known, but I will discuss only the 
two of them that are most common. Coming from the high temperature side, 
we first have the smectic-A phase (SmA), where the molecules are positioned 
in layers with the director η normal to these layers (see figure 2.1 с ) . At lower 
temperatures, we could find the smectic-C phase (SmC), where the molecules 
are positioned in layers with the director η making an angle with respect to 
the layers (see fig. 2.1 d.). 2 The other smectic phases are much more exotic 
and will not be discussed here 3 
The liquid crystal studied in this thesis, reveals two liquid crystalline 
phases, namely the nematic phase and the smectic-A phase. In the remainder 
of this thesis we restrict ourselves to the description of the nematic phase 
2Note that a direct N-Sm С transition is also possible, but very rare 
3They are for instance discussed in the book of de Gennes [1] 
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and the transition between the isotropic and nematic phase, occurring at the 
'isotropic-nematic phase transition temperature' T/v/.4 
2.3 The Isotropic-Nematic phase transition 
2.3.1 T h e order parameter 
As said before, the nematic phase is more ordered than the isotropic liquid. 
For a quantitative description of the transition between these two phases, we 
therefore need to define an order parameter that is non-zero in the nematic 
phase and vanishes in the isotropic phase. Using a microscopic approach, one 
can define a scalar order parameter 5 that can be written as [1]: 
5 = ì < 3 c o s 2 0 - l >, (2.1) 
¿à 
with θ the angle between the long axis of a molecule and the director η (which 
is the average direction of the alignment of the molecules and chosen along the 
z-direction)5. In the ideal nematic phase the molecules are on average aligned 
along n, which means that θ = 0 (or π) and 5 = 1. In the isotropic phase the 
molecules have no preferred direction. This means that < cos2 θ > = 1/3 and 
5 = 0. In reality the order parameter in a nematic phase is experimentally 
determined to be around 0.5 instead of 1. 
Using a macroscopic approach, the order parameter will be given by a 
symmetric tensor order parameter QQp [1]: 
Qaß = Q(T)(nariß - -δ
α
β) , (2.2) 
where α, /3 = χ, y, ζ and η
α
 the a component of the director n. 
Note that even in the isotropic phase (although there is no long-rang order 
and Q
a
0 vanishes on average) locally the molecules are still parallel to each 
other over a certain characteristic distance ξ(Τ) (called the coherence length). 
This means that in the isotropic phase small nematic domains exist, i.e. small 
nematic droplets of size £(T), with no correlation between the orientations of 
4
 Most studies axe focussed on the nematic liquid crystals because of their relative sim­
plicity and their use in LCD's. 
5 In the nematic phase, η is indistinguishable from -n, i.e. the molecules show head-
tail-symmetry or there are as much molecules pointing along η as there are pointing along 
-n. 
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neighbouring droplets. In the mean-field theory (which works experimentally 
well, except for temperatures close to Тдг/) this coherence length or nematic 
droplet size £(T) is proportional to (Г - TW)", with ν « - ^ and Tm the 
isotropic-nematic phase transition temperature. 
2.3.2 Landau free energy 
As the difference in ordering between the isotropic and the nematic phase is 
characterised by an abrupt change in the order parameter, a phase transition 
will occur at T/v/. To describe this phase transition accurately, one can start 
from a continuum theory and use the fact that the IN-transition must be first 
order, for pure geometrical reasons. This leads to the so-called Landau-de 
Gennes approach where the free energy F is expanded as a power series of 
the order parameter Qaß, and the following terms occur (summation over 
repeated indices is implied): 
F = F0 + ¿A(T)QaßQßa + l-B{T)QaßQßlQia + \c(T)(QaßQaß)2 + 0(Q5) 
(2.3) 
where Β (Τ) and c(T) are taken to be independent of Τ and A(T) « a(T-T*).6 
For the uniaxial case the free energy is given by a more simple formula [1]: 
F = Fo + \A{TW + f g3 + f ^ + Ofo5). (2.4) 
Note that when there is a non-vanishing term of q3 in the expansion, the phase 
transition must be first order. This first order behaviour is indeed observed 
in (almost) all studies of the IN-transition in LC's.7 
2.3.3 Exper imental methods 
In this subsection I will list some experimental methods that can be used to 
study the IN-phase transition: 
• NMR. The order parameter can be extracted from NMR data, because 
a non-zero order parameter leads to a splitting of the resonance line of 
6Below T ' , the nematic phase is complete. Note that this temperature can be slightly 
lower than the phase transition temperature TNI-
7Also in our experiments, a first order transition between the isotropic and the nematic 
phase is observed (see fig. 3.2). 
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a triplet spin state of the liquid crystal molecules. The larger the order 
parameter, the larger the splitting is. If necessary, a triplet state can 
be achieved by deuterating a liquid crystal. This kind of technique is 
called H2-NMR [2, 3]. 
• Magnetic birefringence. At the onset of the IN-phase transition a mag­
netic birefringence occurs, caused by the alignment of a nematic with 
respect to a magnetic field. This magnetic birefringence С is propor­
tional to A _ 1 (T) . 
• Electric birefringence (Kerr effect). The alignment caused by an elec­
tric field is more complicated than the one caused by a magnetic field. 
The complications come from the presence of electric charges and the 
interaction of electric interactions. In general, the electric birefringence 
or Kerr constant С measured in this experiment is proportional to 
А~
х(Т) + Сі < Q2 > + . . . . 
• Light scattering. This technique uses the fact that, in the nematic phase, 
the long wavelength fluctuations of the optical axis give rise to a large 
scattering of light. Therefore, the scattering in the isotropic phase is 
much smaller than the scattering in the nematic phase. That is also 
why TM is often called the clearing point. Just above T/v/, however, a 
sizeable scattering intensity I remains, due to the small nematic domains 
(subsection 2.3.1). This scattering intensity behaves as the magnetic 
birefringence close to TMI- I ~ С ~ Л _ 1 ( Т ) . 
2.4 Static distortions in a nematic liquid crystal 
2.4.1 Long range distortions and the distort ion free energy 
The molecules in an ideal single nematic crystal are aligned along one com­
mon director n. In such a uniaxial system, the tensor order parameter is 
given by eq. 2.2. Introducing walls, however, can impose constraints acting 
on the molecules. This means, a deformation or distortion of the alignment 
and the appearance of surface states8. Typical examples of deformations are 
The molecules close to a surface show a different behaviour than the molecules in the 
bulk liquid crystal. 
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splay twist bend 
Figure 2.2: The three basic deformations in liquid crystals 
twist, splay and bend (see fig. 2.2). These deformations lead to a varying dir­
ector n = n ( r ) . In this case, also the tensor order parameter becomes position 
dependent. 
The distance I over which Q
a
@ changes significantly (I > Ιμπι), is often 
much larger than the molecular dimension α (~ 1-2 nm). In that case, one 
can use a continuum theory to describe the deformations. The tensor order 





β} + terms of higher order in (a/l). (2.5) 
ó 
Imposing a certain distortion that leads to slow variations in the director 
orientation on a molecular scale gives extra terms in the free energy. These 
extra terms are called the distortion free energy. One can deduce that the 
density of this energy can be written as [1]: 
Fd = -Ki{divn)2 + -K2(n · curln)2 + -K3(n χ curln)2, (2.6) 
Zi ¿à ¿* 
introducing К
г
, the Prank elastic constants. These three constants are as­
sociated with the three basic types of deformation shown in fig. 2.2: K\ 
(splay), Ki (twist) and K3 (bend), respectively. It appears experimentally 
that K2 < Κ ι < A3 in most cases. Equation 2.6 is known as the fundamental 
formula of the continuum theory for nematics. 
In the one constant approximation, the assumption is made that: K\ = 
K2 — Kz = K, which leads to a more simple formula for the distortion free 
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energy density: 
Fd = -KdanßdaTiß, (2.7) 
with da = jjjj and α,β = x,y,z. As said before, these distortions can be 
imposed by the boundaries. In the next section some boundary effects are 
discussed. 
2.4.2 Boundary effects 
In most cases, the surface forces the LC molecules to align along a well-defined 
direction, called an easy direction. There can be more than one easy direction 
for a specific surface. A list of easy directions of specific planar surfaces is 
given below: 
• When the external medium is a single crystal and the interface corres­
ponds to a crystallographic plane, there is a discrete set of easy direc­
tions. This means that we have a degenerate problem, because there is 
more than one easy direction. 
• At a rubbed substrate a uniaxial homogeneous texture occurs, where η 
lies along the rubbing direction of the surface. 
• For an external medium that is isotropic, there are three possibilities 
(the genuine easy axis can in fact depend on the LC): 
1) a homeotropic texture: η J. the surface; 
2) a planar or homogeneous texture: η || the surface; 
3) a conical or tangential texture: η makes an angle with the surface. 
Note that the last two textures are continuously degenerate. 
By creating a planar cell with two walls with different boundary direc­
tions, one imposes a distortion on the bulk liquid crystal. Depending on the 
anchoring strength, the director at the wall makes an angle with respect to 
the easy axis of that wall. In most practical cases the surface forces are strong 
enough to impose its easy direction to the director η at the bounding surface. 
We call this strong anchoring. In this situation, we only have to minimise 
the bulk terms of the free energy (including the distortion free energy), using 
fixed boundary conditions for n, instead of minimising the sum of bulk and 
surface energies. 
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One can also have weak anchoring, where the director can make a large 
angle with respect to the easy axis. We then have to take the surface anchoring 
energies into account. These anchoring energies are given by [4, 5]: 
W(0) = Wsin2{e - Θ) + W0 (out-of-plane), (2.8) 
С {ф) = С sin2 {φ - Φ) (in-plane), (2.9) 
where Θ and Φ are the tilt and torsion angle of the easy axis, and θ and φ 
the tilt and the torsion angle of the director at the surface. W and С are 
the out-of-plane and in-plane anchoring constants, respectively, and Wo is an 
isotropic term. The total anchoring energy is the sum of W(ff) and С(ф). For 
strong anchoring, W and С are so large that θ and φ will not deviate from θ 
and Φ, respectively. For weak anchoring θ — Θ and φ— Φ are not negligible. 
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Chapter 3 
Quasielastic light scattering 
To study the oricntational dynamics in the nematic phase and the IN-phase 
transition temperature, we used an experimental technique that is called quasi 
elastic light scattering (QELS). 
Like other kinds of light scattering, quasielastic light scattering is an op­
tical technique that studies properties of a scattering medium by measuring 
the changes in a well-defined polarised laser beam, after scattering by this me­
dium. In contrast to some other kinds of light scattering, one does not study 
elastically scattered light in QELS, but one restricts oneself to scattered light 
with a frequency that is slightly shifted with respect to the incoming laser 
frequency. In a quasi elastic light scattering experiment, the scattering me­
dium is therefore placed between crossed polarizers1 and only the scattered 
light intensity is examined in a direction different from the direction of the 
incoming light (see figure 3.1). 
From the total scattered intensity we can determine TV/, because the long 
wave length fluctuations of the optical axis give rise to a large scattering of 
light in the nematic phase, while the scattering in the isotropic phase is very 
small (see section 2.3.3). Furthermore, we can study the dynamical fluctu­
ations in the scattered intensity which are a measure for the orientational 
dynamics. 
First I will describe how the IN phase transition temperature can be de­
termined with QELS. 
1г
ГЪе crossed polarizers are used to reduce the amount of unchanged (fundamental) light 
drastically. 
25 
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:<& 
Continuous laser 
Figure 3.1: Schematic picture of a quasielastic light scattering set-up. The 
sample is placed between crossed polarizers and the detector measures the 
scattered intensity away from the fundamental beam. 
3.1 Determination of the IN-phase transition tem­
perature 
As for other kinds of light scattering, quasielastic light scattering can be used 
to measure changes in the order parameter (see section 2.3.3). In the isotropic 
phase where the order parameter is zero, only a small amount of scattering 
caused by the small nematic domains will be detected after crossed polarizers. 
At the onset of the nematic phase, at the transition temperature TV/, however, 
the non-zero order parameter will lead to a sizeable amount of scattering. In 
this way Гдг/ can be determined, as the temperature at which a jump in the 
scattering intensity takes place. 
In our experiment the scattering medium of fig. 3.1 is formed by a temper­
ature controlled liquid crystal cell. In that set-up, we measured the scattered 
intensity as a function of the sample temperature. 
The accuracy of these measurements for different film thicknesses is given 
in fig. 3.2. The small step in the scattering intensity that is observed around 
0.1 К above the transition temperature can be due to the growing of the 
nematic swarms or to wetting. Note that although the jump gets smaller 
for smaller thicknesses, it is still possible to determine the isotropic-nematic 
phase transition temperature, for thicknesses as small as 0.05 μπι. For even 
smaller thicknesses no step can be observed and the transition has become 
continuous. At first glance, this limit could be attributed to the experimental 
accuracy. However, it should be noted that this cross-over thickness is of the 
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Figure 3.2: Scattered light intensity vs temperature for different film thicknesses. 
О : d = 0.5 μπι, + : d « 0.25 μπι and Ü : d « 0.05 μπι. Tm is the (thickness 
dependent) isotropic-nematic phase transition temperature 
same order as the critical thickness predicted in several theoretical papers 
[1, 2] and the experimental value found by Yokoyama for 5CB in a planar 
cell with Ρ VA coating (D
c
 = 0.09 μπι) [3]. Therefore, this cross-over in the 
transition behaviour seems to be intrinsic and independent of the experimental 
technique. 
Apart from these measurements, the quasielastic light scattering technique 
is especially useful to measure dynamics. But first, I will discuss the light 
propagation in nematics. 
3.2 Light propagation in nematics 
A nematic is not an isotropic medium, but is uniaxial and biréfringent. Its 
optical axis lies parallel to the director. This means that the light in a nematic 
propagates in a more complex way than in an isotropic medium. 
In an uniaxial biréfringent medium, like a nematic, the incoming light 
travels through the nematic as two different waves. One is the ordinary wave 
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that propagates normally and obeys the classical laws of refraction. The other 
is the extraordinary wave that behaves in a rather different manner and does-
not obey Snell's law of refraction. 
I will discuss the light propagation in nematics for some experimental geo­
metries. 
1). The light is incident along the optical axis. In this situation there is no 
birefringence and the light propagates normally. 
2). The light is incident perpendicular to the optical axis (This is true for our 
experiments). In this situation the ordinary (O) and extraordinary (E) rays 
advance with different speeds. These velocities correspond to the ordinary 
refractive index n0 and the extraordinary refractive index n e , in the following 
way: 
velocity of light in vacuum . 
n0 = τ- i—-, ( з л ) 
ordinary wave velocity 
and 
velocity of light in vacuum 
n
e
 = —— :—; — (3-2) 
minimum velocity of E-wave 
As we use crossed polarisers in our experiments, the incoming and scattered 
light will travel through the nematic with different speed. This means that 
the length of the incoming wave vector in the nematic (k¿) will be different 
from the length of the outgoing wave vector (ky). The direction of the scat-
tering wave vector q = к ƒ — k¿ will therefore depend on the orientation of the 
optical axis with respect to the polarisations as is shown in figure 3.3. 
Keeping this in mind, I will continue with the discussion about how 
quasielastic light scattering can be used to probe the orientational fluctu-
ations in the nematic phase. 
3.3 Probe for orientational fluctuations 
In a nematic single crystal, the long wavelength fluctuations of the optical 
axis give rise to a large scattering of light. If in a region of the sample, the 
director η differs from its average orientation no, the fluctuation δη = η - no 
will relax towards zero in a certain time: the relaxation time ту. One of our 
aims is to determine this ту and therefore we make use of the fact that the 
tensor n<8>n has the same symmetry properties as the dielectric tensor e. This 
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Figure 3.3: The direction of q depends on the orientation of the incoming and 
outgoing polarisations with respect to the optical axis. 
implies that the director fluctuations δη are proportional to the fluctuations 
of CJJ which, on their turn, can be optically detected. 
For that purpose, we can use quasielastic light scattering, where one exam­
ines the scattered light intensity after crossed polarisers. The incoming plane 
wave undergoes a frequency shift and a change in polarisation after passing 
the sample. This means that behind the second (crossed) polariser, we will 
detect only the scattered light. In a dynamic light scattering experiment, we 
then measure the autocorrelation function of this scattered light, revealing 
the dynamical time scales of the fluctuations in the scattered intensity. 
To couple this autocorrelation function to the fluctuations of e
v
 we can 
use the Born-approximation which shows that the autocorrelation function 
is proportional to the time autocorrelation function of the projection of the 
dielectric tensor fluctuations on the incoming and scattered light polarisations 
at the scattering wave vector q [4].2 
To summarise: in a QELS experiment, we measure the relaxation time 
of the fluctuations in the scattered light intensity which are directly related 
to the relaxation time т
г
 of the orientational director fluctuations δη, we are 
2This scattering wave vector is defined as: q = k/ — k,, where к ƒ and k, are the 
wavevectors of the outgoing and incoming laser beam inside the sample. 
optical axis 
optical axis 
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interested in. 
Let us now turn to the description of the director fluctuations following 
the paper of Mertelj etal. [5]. We consider a nematic sample with optical 
axis z, i.e. no || z. The fluctuations δη at any point г will be described 
by two small, non-zero components: n
x
(r) and n ^ r ) . For a given scattering 
wave vector q, however, it is more convenient to transform these components 
into two independent Fourier components ni(q) and n 2 (q), on which the 
scattered light amplitude depends. These Fourier components correspond to 
the components along axes of the coordinate system in k-space defined as: 
e 3 || η, e 2 = 7—ϊ г and ei = e 2 x e 3 . (3.3) 
I e 3 x q | 
In this coordinate system the scattering vector lies in the еі-ез plane and can 
be written as q = (q l 5 0, q3) = (q^, 0, qy) (see figure 3.4). The first component 
of the director fluctuation ni(q) describes a splay-bend and the second n 2(q) 
a twist-bend mode. 
At this point we should remember that the light intensity autocorrelation 
function C(q,t) for the nematic liquid crystal is proportional to the time 
autocorrelation function of the Fourier components of the director orientation 
fluctuations. We can write this in the following way [5]: 
C(q, < ) « ^ S20(nß(4, Ojn^q, t)> (β = 1 , 2 ) , (3.4) 
ß 
introducing the geometrical factor Sß, as a weight factor for the fluctuation 
modes. This weight factor depends on the polarisations of the incident (i) 
and scattered light (f): 
Sß = (i- e/9)(f · e3) + (i · e3)(f · e0), (3.5) 
where ei, e2 and e3 are the coordinate axes of the nematic defined in eq. 3.3. 
The geometrical factor depends, therefore, on the scattering vector and the 
orientation of the director with respect to the polarisations of incoming and 
scattered light. This means that one can choose the mode or combination 
of modes that one wants to measure, by choosing the right combination of η 
and q. 
Let us now discuss the dynamical behaviour of these fluctuations. The 
orientational fluctuation in the bulk nematic can be written as: 
_ t 
nß(q,t) = nß(q,0)e ^ , (3.6) 
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Figure 3.4: The orientation of q in the newly defined coordinate system: e 3 || n, 
e2 = (ез x q)/ | e3 χ q | and ei = e2 x e3. 
where the relaxation times rj? depend on the scattering vector in the following 








Tr0(q) ЫЧ) ' 
%(q) = 7 1 - , a - " + , a n . 
and üQj(q) = Kßq\ + K3q2. 
(3.8) 
The constants μ, are Leslie viscosity coefficients, while η
α
, щ and r\
c
 are 
Miesowicz viscosities and Ki the Frank elastic constants. 
Note that ??i(q) and 772(4) depend only on the orientation of q and not on its 
size. 
In the one constant approximation (i.e. K\ = K2 = K3 = K), we find 
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The relaxation time defined in eq. 3.6 is the property we are interested in. 
We will measure this relaxation time with an autocorrelator. 
3.4 Autocorrelation measurements 
An autocorrelator measures the normalised intensity autocorrelation function 
</2 (τ') of the scattered light intensity I [7]: 
92(T') = C ( T ' ) / < I >
2
, (3.10) 
with C{T') the autocorrelation function of the scattered light intensity. This 
autocorrelation function is given by: 
C ( T ' ) = < / ( Í ) / ( Í + T ' ) > , (3.11) 
where < > stands for averaging over t. In our samples the scattered light 
intensity contains dynamic scattering as well as static reflections from impur-
ities (at the walls). This means that I(r) — Is + /¿(τ), with Is the elastic or 
static scattering and /¿(τ) the inelastic or dynamic scattering. When both 
types of scattering are not negligible, we are in the so-called heterodyne (or 
mixed) regime. Using the dynamical behaviour of the inelastic scattering 
(/¿(τ) = I¿ e~TlTr), the autocorrelation function can be written as [8]: 
C(T') = (ƒ, + Id)2 + 2I,Id e~T'^ + Q e-2T'/T', (3.12) 
with r r the so-called relaxation time. 
This means that in this heterodyne regime, the normalised intensity correla-






When we write gì (τ') in terms of one effective decay time r
e
, we get the 
following approximation: 
<?2(т')«1 + Ы 0 ) - 1 ) е - ^ , (3.14) 
with 52(0) the starting value of 52(1"')· 
Note that for I¿ much smaller than Is, we get a single exponential behaviour 
and the measured decay time is equal to the relaxation time [4]. In the other 
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case, one can calculate that the measured decay time т
е
 is a combination of r
r 
and 7>/2, depending on the ratio between I
s
 and I¿. This leads to a correction 
factor between the measured decay time and the relaxation time we want to 
know. If we define A = y4-, we get a correction factor given by 3: 
— = —in 
TT 
This correction factor can be determined from our measurements via the 
relation between A and 32(0)· This relation can be calculated from eq. 3.13 
and the definition of A: 
*<°> = 1 + ^ · < 3 1 6 > 
This maens that the correction factor of eq. 3.15 depends only on «72 (0) and 
can therefore be determined unambiguously, because 52(0) can be measured. 
This can also be derived from the description of Pusey et al.[7] or M. Kroon 
[9]. 
Figure 3.5 shows a typical autocorrelator trace together with a fit. We 
find that, in the genuine experiment, the formula differs slightly from the 
theoretical equation (eq. 3.14): 
д2(т') = baseline + (g2(0) - 1) exp [-(τ'/'те)вм*]. (3.17) 
The baseline value can slightly deviate from one, depending on the long 
term fluctuations in the scattered intensity.4 Furthermore, we need to use 
a stretched exponent (indicated with sexp) to get a nice fit. This indicates 
that a variety of relaxation times around the the average relaxation time 
is involved. A possible cause is the unavoidable variation in the scattering 
wavevector q, which leads to a variation in the relaxation time (eq. 3.9). One 
should, however, notice that the introduction of sexp does not influence the 
measured decay time r
e
. 
Summarising, we determine g2 (0) and те by fitting the autocorrelation 
trace to a (stretched) exponential. The fitting parameters are then used to 
calculate ту with the help of equations 3.16 and 3.15, respectively. 
3This can be deduced combining eq. 3.13 and eq. 3.14 at r ' = т
е
. 
4 The 50 Hz components in the laser light, for instance, will lead to a higher baseline. 
'y/A*+4{A + l){l/e)-A (3.15) 










Figure 3.5: A typical autocorrelator trace of the ALV-5000 autocorrelator. The 
line represents a fit: 1.001 + 0.00823 exp [(i/1.315 ms)0 9]. From this fit we find: 
52(0) = 1.0823 => A = 45.6 and ту = 0.986 χ re = 1.30 ms. 
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Chapter 4 
Finite size effects 
4.1 Confined systems 
To study the finite size effects or the thickness dependence of LC properties, 
the liquid crystal is confined in a volume with small dimensions in at least one 
direction. We call a system containing one or more of these small volumes a 
confined system. 
In the literature, studies on different confined systems are reported. One 
kind of confined systems consists of cylindrical pores. These pores can be 
parallel to each other without interconnections, like in Anopore [1, 2]. Or 
the pores can be connected, forming a network, in which case the pores are 
randomly oriented. Silica aerogels [3-6], Vycor glass [7] and Millipores [8] are 
some examples of this kind of confining materials. Note that a large range of 
dimensions can be covered with these systems: from diameters of 0.2 μπι in 
Anopores to 7 nm in Vycor glass. 
The second kind of confined systems is formed by thin flat layers, on or 
between substrates. Frequently used substrates are isotropic fluids like water 
or glycerine [9] and treated or untreated [10, 11] glass plates. 
Next to these two systems, there are the free standing films [12, 13]. These 
films can only exist in the smectic liquid crystalline phases, because heat­
ing to the isotropic phase will destroy the film. Another kind of system is 
LC droplets contained in polymer matrices, which is studied by Golemme et 
α/. [14]. 
In this thesis I will discuss our experiments performed on thin flat layers 
on top of and between treated and untreated glass plates. 
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4.2 Boundary conditions in flat layers 
For liquid crystals the walls are very important, because they anchor the LC's 
and can impose distortions on their director fields (see section 2.4.2). The 
effect of the boundaries on the orientation of the director field in thin films will 
be described in this section. Remember that there are three possible director 
orientations at a surface: homogeneous (uniaxial or isotropic), homeotropic 
and conical (section 2.4.2). 
4.2.1 Uniform director field 
In systems with a uniform director field the anchoring directions of both walls 
are the same. The walls do not give rise to deformations or distortions. The 
director field is uniform over large areas of the sample. 
In the situation of isotropic homogeneous alignment J, we can distinguish 
two cases. When the LC is anchored to a real isotropic wall, like a liquid, 
a continuous variation of the in-plane orientation of the director is possible. 
For a solid isotropic homogeneous aligning wall (like unrubbed glass), on the 
other hand, the local director orientation is determined by local defects and 
structures of the surface [15]. In this case domains can be formed, regardless 
of the anchoring strength. Within these domains the molecules lie along one 
direction, while the director changes from one domain to the other. Note 
that in these cases of isotropic homogeneous anchoring the director field is 
not completely uniform, as a result of the degeneracy in the easy axes. 
4.2.2 Non-uniform director field 
When the anchoring directions of the two walls are different, there will be a 
competition between these two walls. The director field of the liquid crystal 
will be non-uniform and will change in such a way that the molecules close to 
the walls are oriented along the anchoring direction of the surface.2 In these 
configurations we can make a distinction between several different cases. In 
this thesis I will discuss only two of them. One is the hybrid case where 
one wall induces a planar alignment, while the other wall gives rise to a 
homeotropic alignment (see figure 4.1). The other is the twisted cell where 
'This means that all molecules lie parallel to the surface, while there is no preferred 
direction along the surface. 
2Assuming that there is strong anchoring at both surfaces. 
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Figure 4.1: The non-uniform director field in a hybrid film. At ζ = 0 the anchoring 
is uniaxial homogeneous, while at ζ = d the anchoring is homeotropic 
the two walls both induce planar alignment, but with a different in-plane 
orientation. 
The Hybrid Aligned Nematic (HAN) cell is described theoretically by 
Barbero et οί.[16]. In the situation where we have a cell with thickness d and 
the wall at ζ = 0 has the strongest anchoring (e.g. along the i-direction), one 





where К is combination of the bend and splay elastic constants and W¿ and 
И-о are the azimuthal or polar anchoring constants at the wall at ζ = d and 
ζ — 0, respectively. For thicknesses larger than d
c
 the director field is non­
uniform as shown in figure 4.1. In this situation, the director field can be 
written as: 
n = (cos0(z), 0, sinö(z)), (4.2) 
with θ(ζ) the tilt angle of the director at distance ζ from the wall with 2 = 0. 
This tilt angle 6{z) is approximately: 0(z) и a^\t(z/d) — (n/2)(z/d), with 
a tji t the change in the tilt angle over the whole sample. For thicknesses 
smaller than d
c
, however, the director orientation becomes uniform along the 
easy direction of the wall at ζ = 0 (which imposed the strongest anchoring), 
i.e. η = (1, 0, 0). 
A theoretical description of the Twisted Nematic (TN) cell and its prop­
erties is given by Strigazzi [17]. This configuration is often used in the Liquid 
Crystal Displays of industrial applications. Also in these systems we can 
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define a critical thickness: 
dc = ψ - ψ (4.3) 
W Oo 
where K22 is the twist elastic constant, and C¿ and Co are the in-plane or 
torsion anchoring constants at the walls at ζ = d and ζ = 0, respectively. For 
thicknesses larger than d
c
, the deformation of the director field will be a pure 
twist3, while for d < d
c
 the director field will be uniform. 
These boundary conditions have their effects on the LC properties. This 
will be discussed for the isotropic-nematic phase transition temperature and 
the dynamics. 
4.3 Shift in the IN-phase transition temperature 
The elastic deformation due to the different boundary conditions will gener­
ally lead to an increase in the elastic free energy which, in turn, leads to a shift 
in the phase transition temperature T^i- The shift in the IN-phase transition 
temperature of nCB's (liquid crystals of the alkylcyanobiphenyl series) has 
been thoroughly studied in the cylindrical pores of Anopores [1, 2], Aerogels 
[3, 5, 6] and Vycor glass [7]. T/v/ is found to be lower than the bulk value in 
the cases, where the pore sizes are large enough (as in Anopores and Aero­
gels). For the very small dimensions of Vycor glass (size ~ 7 nm), however, 
a continuous evolution of the nematic properties is observed, instead of an 
abrupt IN-phase transition. Such a cross-over in the IN-phase transition from 
first order to a continuous evolution is also observed in 5CB droplets in a 
polymer matrix [14]. The critical droplet radius was found to be 0.16 μτα. 
Next to these experiments, Yokoyama [10] examined Три for uniform 
planar cells. Its behaviour as a function of thickness was found to depend 
on the used coating. Ordering surfaces lead to a increase in the phase trans­
ition temperature for thinner layers, while disordering surfaces gave rise to 
the opposite behaviour. In a theoretical paper, Sheng [18] calculated TV/ as 
a function of d and found that TV/ increased for decreasing thickness, while 
no first order phase transition appeared for thicknesses smaller than a critical 
thickness D
c
. This theory describes several experimental results fairly well. 
3Defining η to be along the x-direction at ζ = 0, yields η = (cos φ(ζ) , sin φ(ζ) , 0) for 
the director field where φ(ζ) = a tw¡st(z/<¿), with a t w¡ s t the difference between the torsion 
angle φ at ζ = 0 and the torsion angle at 2 = d. 
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No experiments have been done on flat twisted or hybrid layers, so far. 
To explain the behaviour in these two kinds of cells, I will follow the paper 
of Sluckin et al. [19], that describes the thickness dependence of the IN-phase 
transition temperature in a planar cell phenomenologically, starting with uni­
form planar cells. 
4.3.1 Capillary condensat ion 
In the case that the boundaries give rise to a uniform director field, there 
is one effect that gives rise to a shift in the phase transition temperature of 
confined liquid crystals. This effect is called capillary condensation. Capillary 
condensation is caused by the fact that the molecules closest to the boundaries 
are anchored to these boundaries. This means that when the surfaces are 
ordering, the nematic phase will start to grow at these ordered layers, when 
we approach the IN-phase transition from the high temperature side. This 
implies that the total sample will be in the nematic phase at a (slightly) higher 
temperature, when the sample thickness is smaller. Following the same line 
of thought, disordering surfaces will lead to a decrease of the phase transition 
temperature as a function of decreasing thickness. 
We can write this down in a so-called Kelvin equation, where the shift 
ΔΤ in the isotropic-nematic phase transition temperature Тцц is given as a 
function of the film thickness d [19]: 
L· 
{ΊΙ~ΊΝ)\ + {ΊΙ~ΊΝ)2 (4.4) 
with L the latent heat at the isotropic-nematic transition, j¡ and 7дг the 
surface tension in the nematic and isotropic phase respectively, and 1,2 the 
wall indices. The surface tension at wall i is given by the Young-Laplace 
equation [21]: 
(7/ - 7лг)і = im cos θ™, (4.5) 
with 7лг/ the surface tension of the NI-interfacial layer and θ^1 the angle 
of the NI-interface with respect to wall г. The ordering or disordering of 
the surface is included in this angle ΘΝΙ (as shown in figure 4.2). For a well 
ordering surface cos ΘΝΙ = 1, which leads to a positive term in the temperature 
shift. For a disordering surface, however, cos9NI = — 1. The measurements of 
Yokoyama show that this phenomenologically derived equation describes the 
behaviour reasonably well [10]. 
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Figure 4.2: The Nl-interfacial layer on an ordering (a) and on a disordering (b) 
surface. The angle ΘΝΙ is an indication of the amount of ordering. 
4.3.2 Strain 
Let us now introduce strain. Strain can, for instance, be caused by twisting 
two rubbed surfaces with respect to each other, or by taking two different 
substrates and making a hybrid cell (as discussed in section 4.2.2). In these 
strained systems we get extra terms in the free energy in the nematic phase. In 
the HAN cell, the distortion is a combination of a splay and a bend distortion 
(because the twist term containing η · curln is zero). The distortion free 
energy can then be written as: 
Fd = ]-Ki(divn)2 + ^K3(n χ curln)2 . (4.6) 
Using the equation for the director field given in section 4.2.2 will then lead 
to: 
*-ί*{ψ)'^*) + ϊκ,(ψ)'*?*), (4.7) 
with 9{z) и atilt(z/d). 
In the TN cell, only the twist distortion is present. In this situation the 
distortion energy is, therefore, given by: 
Fd = \к2(п - curln)2 = \К2 (^pf , (4.8) 
with φ{ζ) = atvrist(z/d). 
This means that, for a thin layer consisting of two surfaces with a dif­
ference a in the anchoring angle, the distortion free energy can be written 
as ^Kj(a/d)2, with Kj a combination of K\ and K% in the hybrid cells and 
Kj = K2 in the twisted cells. This extra free energy should be overcome when 
we go from the isotropic to the nematic phase, which leads to a negative shift 
in the phase transition temperature. 
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Using the analogue of the Kelvin equation one can then derive the fol­
lowing expression for the IN-phase transition temperature shift in a strained 
system [19, 20]: 
Δ Τ Tm 
L 
7 M (cos0 1 ; v / + cos0^) 1 α2Κά 
2 (P (4.9) 
with a(rad) the difference in the anchoring angle of the two walls. This 
equation only holds for larger thicknesses, when each surface minimises its 
free energy with respect to α independently. 
At the critical thickness (see section 4.2.2), the distortion of the director 
costs more energy than changing the boundary condition. Instead of the extra 
free energy term induced by strain, we will get an extra free energy term as 
given in section 2.4.2. In this regime, we find in a hybrid system: 
Δ Τ = Tm 
NI\ 7M(COSflf1 + cosθ$ ι) - Wi sin-' a t i l t (4.10) 
when W\ <C №2, with W¿ the azimuthal anchoring constant of the wall г and 
atilt = Θι — Θ2 the difference between the tilt angles of the easy axes of the 
two walls. 
For a twisted planar cell, a similar equation is valid: 
jNi{cos ?1 + cos θψ) - Ci sin2 a t w i s t Δ Τ = Tm d (4.11) 
if C\ <S C2, where C¿ is the in-plane anchoring constant of wall i and 
atwist = Φι — Φ2 the difference in the twist angle. 
For intermediate thicknesses there will be a cross-over that could appear in 
the measurements as a transition or as a continuous evolution. 
Figure 4.3 shows the influence of strain on the shift of the phase transition 
temperature vs thickness for thicknesses larger than the critical thickness, 
using the phenomenological model sketched above. Note that the behaviour 
can change from a phase transition temperature that increases for smaller 
thicknesses (for ordering surfaces), to a completely opposite behaviour by 
introducing strain. 
4.4 Changes in dynamics 
Next to this influence on the phase transition temperature, confinement of 
liquid crystals will also affect its dynamics. A hand-waving argument for 










Figure 4.3: The calculated thickness dependence of the shift in the IN-phase trans­
ition temperature for different amounts of strain. Solid line: no strain, ΔΤ(πιΚ) = 
10/d()um); the other three lines represent calculated functions with increasing strain: 
dashed line: AT(mK) = 10/<ί(μιη) - 0.3/(d(/im))2; dotted line: ДГ(тК) = 
10/ά(μτη) - 1/{ά{μτα))2; dashed-dotted line: ДТ(тК) = 10/d(jum) - 3/(d(/nn))2. 
that is the disruption of the collective movements at the walls of the confined 
systems. 
4.4.1 Earlier m e a s u r e m e n t s 
Until now, the dynamics of confined liquid crystals of the nCB series have 
been studied in cylindrical pores. In these systems fast intrapore fluctuations 
as well as slow dynamics caused by interpore coupling can be measured [22]. 
Schwalb et al. [23] measured the fast dynamics of 5CB in porous glass in the 
pretransitional temperature range (T slightly above Трц, where the small 
nematic domains are present). They found that the smaller the pore radius, 
the faster the dynamics (with the pore radius between 2.5 and 10 nm). Wu et 
al. [6] studied the slow dynamics of 8CB in a silica gel (pore size 20 nm) and 
they observed a softening (slowing down), going to lower temperatures, and 
a wavevector independence of these dynamics. Furthermore Bellini et al. [22] 
±i I I L 
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investigated the dynamical behaviour of 8CB in a silica aerogel in the nematic 
phase. The relaxation time increased with the pore size (the used pore sizes 
were between 10 and 60 nm), and was independent of the scattering angle or 
polarisation. 
4.4.2 Dynamics in thin films 
Confinement has two important consequences on light scattering by thin 
nematic films. First, only those fluctuations can contribute to the scatter-
ing which have a z-component of the scattering wavevector q that satisfies: 
\QZ — {kfz — kiz)\ < 7r/d, with k¿ and к ƒ the incoming and scattered light wave 
vector and d the thickness of the film.4 Second, only a discrete set of fluc-
tuation wavevectors is allowed due to restrictions imposed by the boundary 
conditions. These boundaries are taken into account in our newly developed 
Gennes-like fluctuation theory 5. In this section, I will give a short description 
of this theory, starting from the bulk. 




 (/? = 1,2) (4.12) 
which can be derived from a de Gennes-like fluctuation theory. In this section 
we show the derivation of our theoretical expressions for mode 1 (the splay-
bend mode) and leave out the subscripts.6 In this case the bulk dynamics can 
be written in a more simple form: 
т
г
-Чч) = ^ . (4.13) 
Ή 
The dynamical behaviour in thin films is mainly determined by the bound­
ary conditions. To describe how this works we consider a nematic film of 
thickness d (in the z-direction) with uniform planar anchoring, where the 




4This implies that the fluctuation wave vector q in thin films can be slightly different 
from к ƒ — k¿. 
5Details can be found in our paper, that appeared in Phys. Rev. E [24]. 
6This will be suitable for our results, as we have only measured mode 1, and K\ « K$ 
for 8CB [25]. 
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Figure 4.4: The director field in a uniform planar cell. 
as shown in figure 4.4. The fluctuation of this director field can be written 
as: 
<5n(r, ί) = δφ(τ, t)ey + δθ{τ, t)ez, (4.15) 
where δφ(τ, t) and 5 (г, t) are the in-plane (torsion or twist) and out-of-plane 
(tilt) angle, respectively, which are assumed to be small. We can now distin­
guish two modes: the torsion mode and the tilt mode, which correspond to 
fluctuations in the torsion and the tilt angle, respectively. 
Using the boundary conditions we can calculate a secular equation for qz 
[24]: 
±l±^cot(qzd) = -± + ^qzd, (4.16) 
with Lt the extrapolation length
7
 of wall i. This equation has an infinite 
number of solutions, labelled by a discrete number η (η — 0,1,2,..). In this 
thesis we restrict our selves to the η = 0 mode, which corresponds to the 
experimental situation, where qz « 0. In general the secular equation must 
be solved numerically. However, an analytical solution can be obtained for 
values of the thickness d much smaller than L\ and Li- From this solution 
one can derive the relaxation time for the torsion and the tilt mode. 
For the torsion mode, the extrapolation length L¿ is equal to K/Ct, with 
Ci the in-plane anchoring constant of wall г. The relaxation time in the 
7 The extrapolation length is equal to the Prank elastic constant (K) divided by the 
anchoring constant of the wall. 
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approximation will then be given by: 
r~
l





where K(q2 + q2) equals r~l(bulk). Note that the relaxation time scales 
linearly with the viscosity factor η. 
For the tilt mode, where the extrapolation length L{ equals K/Wi (with 
W{ the azimuthal anchoring constant), we get an equivalent equation: 
Wl + W2 , WXW2 - (Wi + W2)2/3 
τ "
1
 = - K(qi + qi) + + 
К 
(4.18) 
Introducing strain in these systems gives a change in the equations given 
above. Note that the theoretical expressions only hold for uniform director 
fields, which means that they only hold for thicknesses smaller than the critical 
thickness in strained systems. In a twisted system the relaxation time of the 
torsion mode (eq. 4.17) will change, while in a hybrid film the relaxation time 
of the tilt mode will change. 
These changes are similar and I will discuss only one, the change in relaxation 
time of the tilt mode in a hybrid film. Consider a hybrid film between walls 
1 and 2 and Wi » W2. The critical thickness dc, below which the director 
orientation is uniform equals ψ- — ψ- (see eq. 4.1). In this case the boundary 
conditions for the tilt fluctuations are identical to the corresponding equations 
in the case of the planarly aligned film, if the following substitution is made 
[24]: 
W2^ W2cos(2at]it) = -W2, (4.19) 
using a t j j t = π/2. For d < dc, the relaxation time is, therefore, given by: 
тГ
1
 = ± K(q2
x
 + q2y) + 
Wj-W2 \VjW2 + (Wi - W2)2/3 
d К 
(4.20) 
Figure 4.5 shows the inverse relaxation time of the tilt mode vs the in­
verse thickness for a uniform planar as well as a hybrid cell, using the same 
parameters: Wi = 2.5 χ I O - 5 J/m 2 , W2 = 0.5 x I O
- 5
 J/m 2, т'^Шк) = 1 
kHz, К = 5 χ Ю - 1 2 Ν, η = 1 χ Ю - 2 Pa s. Note that the relaxation time 
decreases faster with decreasing thickness in uniform planar cells. 
48 Finite size effects 
Ν 
' bulk g 
О 
d" (μπΓ ) 
IO 
Figure 4.5: The inverse relaxation time of the tilt mode vs the inverse thickness for 
a uniform planar as well as a hybrid cell, using the following parameters in both cases: 
Wi = 2.5 x IO"5 J/m2, W2 = 0.5 χ 1(Γ5 J/m2, T~l(bulk) =1 kHz, К = 5 χ 1СГ12 Ν, 
η = 1 χ Ю - 2 Pa s. 
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Chapter 5 
Experimental set-up 
5.1 Temperature Control 
In order to find the precise values for the phase transition temperatures, 
we should be able to stabilise the sample temperature within 0.05°C. For 
that purpose, a heating stage was built, consisting of a sample holder plus 
thermocoax, fitted into an aluminum surrounding. With the thermocoax, that 
is wrapped around the sample holder, we can raise the sample temperature 
up to 80°C. The sample holder contains a large hole (with a diameter of 14 
mm), to transmit light through the sample. The aluminum surrounding with 
transparent windows at the front and back side, serves as a shield to stabilise 
the temperature around the sample. In this way the sample temperature was 
stabilised to 20 mK (for sample temperatures in the order of 40° C), while the 
scattered light was undisturbed for external angles smaller than 30°. 
The sample was placed in the sample holder and kept on its place with 
a rubber o-ring and a metal ring, respectively. Note that only the sample 
edges are in direct contact with the sample holder, because of our need to 
transmit light through the sample. Because of this a temperature gradient 
is present over the sample. We have determined this temperature gradient 
over the detection area of the sample, by measuring the IN-phase transition 
temperature in a bulk cell at different positions (in chapter 6 the bulk cell will 
be described extensively). We found that the positional dependence of the 
sample temperature can be written as: T(r) -T(0) = ar2, with r the position 
with respect to the centre of the hole in the sample holder and α = 0.49 K/cm2. 
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Figure 5.1: The quasi-elastic light scattering set-up. The sample is placed on a 
heating stage and can be rotated with respect to the incoming beam. The detection 
line, on his turn, can rotate with respect to the sample. 7 is known as the scattering 
angle. 
To measure the sample temperature we used the following set-up. A 
thermistor [1] is glued in the sample holder in contact with the sample edge. 
By sending a modulated current through the thermistor, its resistance Rth 
can be compared to the set-point R
se
t of a resistance bridge, using a lock-
in amplifier [2]. The output of the lock-in, corresponding to the difference 
between R^ and R
se
u
 ls s e n
* to a temperature controller [3], which output is 
amplified with a Bipolar operational power supply/amplifier [4]. 
5.2 Light scattering set-up 
Figure 5.1 shows the light scattering set-up. The heater containing our 
sample, is placed on top of a rotator, in order to be able to vary the in­
coming and outgoing angles. Changing these angles, leads to a change in the 
scattering wavevector q. This scattering wave vector is defined as: q = к ƒ — k¿ 
(see section 3.3). Next to that, we can define the scattering angle 7 as the 
angle between k¿ and к ƒ (see figure 5.2). Our experiments were done, using 
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Figure 5.2: The sample placed in the symmetric position (7 = 2a). Note that 
for small angles the incoming and outgoing polarisations are nearly perpendicular 
to the г-direction. This means that the only the torsion mode (corresponding to 
fluctuations of η in the x, y-plane) is observed in this case. 
the symmetric geometry (7 = 2a) (see figure 5.2). Due to the birefringence of 
the nematic, the direction of the scattering wavevector depends on the orient­
ation of the optical axis and will not be exactly parallel to the surfaces (see 
section 3.2). The size of the scattering wavevector in this geometry can be 
written as: q и fcw4sin2a + (n
e
 — n 0 ) 2 , with к the wavevector of the laser 
light, since the scattering wave has essentially the same wavelength as the 
incident wave [5] and n
e
 and n0 the extraordinary and ordinary refractive 
index, respectively. 
Note that we used small incoming angles (a < 10°), which implies that 
we will only measure the torsion mode (mentioned in section 4.4.2), because 
in this situation, the tilt mode (which corresponds to fluctuations in η along 
the 2-dircction) is almost perpendicular to both the incoming and outgoing 
polarisation and will therefore not be excited. 
As a polarised light source we used an Argon-ion laser [6], with a wavelength 
of 514 nm.1 Note that it is preferable to use light with a small wavelength, 
because the scattering intensity is inversely proportional to the fourth power 
of the wavelength. 
We used only small laser powers, between 1 and 4 mW on the sample, 
Note that any continuous laser could have been used, that has no frequency modulations 
(especially not in the 100 Hz - 1 kHz regime, where our experimental results are located); 
and that has laser powers large enough to observe the fluctuations in thin layers and small 
enough to avoid laser heating of the sample. 
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because larger laser powers would lead to extra heating of the sample. The 
light was focussed onto the sample with a 15 cm lens. By placing the sample 
between crossed polarisers, we avoid measuring 99% of the elastically scattered 
and fundamental light, improving the signal-to-noise ratio in this way. 
After the sample two pinholes are used. The first pinhole (with a diameter 
of ± 200 μπι) is chosen to restrict our detection region to one coherence area 
(the signals of all points within this area are (partially) coherent with the 
signal at the centre [5]). When we would choose a larger detection region, the 
ratio between the static and dynamic scattering would become larger. This 
would lead to a drastic increase of the averaging time or a decrease in the 
accuracy of the autocorrelation signal. Note that when the diameter of the 
first pinhole is chosen to be too small, the total scattering intensity drops 
down and this has again a negative effect on the signal-to-noise ratio. 
The second pinhole is much smaller (diameter ~ 50 μπι) and is used to 
select the outgoing wavevector ky. With this small pinhole, we reduce the 
variation in the scattering wavevector to ~ 3 %. 
The inelastically (or better quasielastically) scattered light is collimated 
into a fiber, using a 10 cm lens, and directed onto the photo multiplier. An 
autocorrelator is used to measure the relaxation time of the intensity fluctu­
ations seen by the photo multiplier. Remember that these intensity fluctu­
ations show the same dynamics as the orientational fluctuations of the liquid 
crystal molecules (see chapter 3). 
The measurements on the thin 8CB droplets (chapter 9) have been per­
formed with a 64-channel digital autocorrelator from Malvern [7], while for 
the other measurements, we used an autocorrelator from ALV. This ALV-5000 
plus fast board consists of two computer boards which can be implemented 
in a (Pentium) computer. The ALV correlator has the advantage of a log­
arithmic time scale: one can study the dynamics at all time scales between 
12 ns and 1000 s in one scan, and avoids the problem of choosing the right 
time interval. This means also that, using the ALV, one can see immediately, 
if one or more time scales are involved. The typical time needed to average 
the autocorrelation is about 2 minutes for the ALV, while it can increase up 
to 15 minutes for the Malvern autocorrelator. 
All dynamical measurements, listed in this thesis, were performed in the 
2Laser powers of 10 mW on the sample locally raised the sample temperature with ~ 50 
mK. Using laser powers smaller than 4 mW lead to an increase of the sample temperature 
smaller than 10 mK. 
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Chapter 6 
Bulk 8CB 
6.1 Properties of 8CB 
The liquid crystal we used for our experiments is octylcyanobiphenyl (8CB) 
[1] (figure 6.1 shows a chemical picture of this liquid crystal). 8CB is related 
to the other so-called nCB's and a lot of its properties are comparable with 
those of the thoroughly studied 5CB (see for instance [2-4]). A difference 
between the two is the phase transition temperatures: 5CB is a nematic at 
room temperature, with the nematic-isotropic phase transition temperature 
at ~ 35.2°C. 8CB, on the other hand, is in the smectic A phase at room tem­
perature: the smectic A-nematic phase transition occurs at ~ 33.5°С and the 
nematic-isotropic phase transition temperature is ~ 40.5°C. Other properties 
(at the isotropic-nematic phase transition), like anchoring constants, surface 
tension, latent heat, elastic constants and the constants in the Landau-de 
Gennes free energy expansion (see section 2.3.2) are known or supposed to be 
nearly equal. 
I would like to note that for some of these constants two or more quite 
different values are given in literature. This means that there are still some 
uncertainties in the properties and exact behaviour of these liquid crystals. 
Because different experimental methods lead to different material constants, 
we can say that not all assumptions that are used to deduce the constants 
from the measured results are fully correct.1 Keeping this in mind, I will give 
' in the analysis of relaxation time measurements, for instance, some macroscopic con­
cepts are used This means that some of the macroscopic properties obtained via these 
measurements, may well differ from those obtained in other types of experiments [5] 
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Figure 6.1: A chemical picture of octylcyanobiphenyl (8CB). 
a list (table 6.1) of some of the known properties of 8CB and 5CB. 
6.2 Sample preparation 
The bulk sample is contained in a liquid crystal cell that consists of two flat 
fused quartz plates (size 2.2 χ 2.2cm), separated by two 24 μπι spacers. Flat 
in this context means that the roughness of the surface is smaller than 0.1 
μπι. Taking into account the influence of dust particles (with sizes of about 
1-5 μπι) that are present in the cell, we can, therefore, assume that the thick­
ness of the liquid crystal cell is ~ 26 μπι. From other observations (which 
will be described in chapter 7 and further), we know that a LC layer of this 
thickness can be considered as bulk. 
In order to obtain well aligned LC layers, we have to clean the cell walls 
thoroughly. With this cleaning, all remains that could influence the anchoring, 
distort the alignment or even react with the liquid crystal should be removed. 
Therefore, all our substrates were cleaned using the following procedure: 
• cleaning with an Alconox solution, using a cotton swab; 
• rinse with water; 
• rinse with ethanol, propanol and acetone; 
• ultrasonic cleaning in demi-water for 30 minutes; 
• leaving it in a 40 percent solution of sulphuric acid for a few hours; 
• ultrasonic cleaning in demi-water for 20 minutes; 
• (fast) blowing dry with N2. 
After the two cleaned walls are connected to form a liquid crystal cell, this 
cell is filled with 8CB using capillary action deep in the isotropic phase (at 
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Table 6.1: A list of the known properties of 8CB and 5CB. 
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temperatures around 50-60°C). This is followed by a few temperature cycles 
between 50° С and room temperature, to get an even better filling of the cell 
and an equilibrium in the alignment of the molecules. 
After that the isotropic-nematic phase transition temperature was meas­
ured. We found that Tw(bulk) = 40.5°C ± 0.02°C, which is consistent with 
the values determined by others (see table 6.1). 
The same sample was used to measure the temperature gradient in the heating 
cell (see section 5.1). 
To determine the dynamics in a bulk sample, we made a single domain 
sample. This was necessary, because domain walls distort the measurements. 
For an untreated substrate, the liquid crystal formed small domains (see sec­
tion 4.2.1) and the presence of these small domains made an unambiguous 
measurement of the relaxation time impossible.2 
A single domain sample was prepared by spin coating the cleaned sub­
strates with polyvinyl alcohol (PVA) and rubbing them with a piece of velvet 
in one well defined direction, after curing the coating at an oven temperature 
of 120 °C for 1 hour. The cell was then formed, keeping these rubbing direc­
tions parallel. The director of the molecules was then oriented uniformly along 
the rubbing direction. We found that the variations in r
r
 were about 12% 
in these single domain samples. These variations could have been caused by 
inhomogeneities in the nematic (e.g. defects, dust particles) or the inaccuracy 
of the fitting parameters. 
6.3 The dynamics in bulk 8CB 
We measured the dynamics in this uniaxial homogeneously aligned bulk sample 
in the symmetric mode (i.e. the director η is and the wavevector q is nearly 
parallel to the substrate surface (fig. 5.2)). This implies that ег will be close 
to the surface normal (eq. 3.3). In our measurements where we use only small 
angles, this means that ег is almost parallel to both the incoming laser beam 
and outgoing scattered beam. From eq. 3.5, one can conclude that in this 
case mode 1, the splay-bend mode will dominate.3 
2This is caused by the fact that the relaxation time depends on the direction of η with 
respect to the scattering wave vector q (see section 3.3). 
3 I n the rest of my thesis, I will just speak about this dominating mode. One should 
however keep in mind that the measured modes are not pure splay-bend modes, but contain 
also some twist contributions. 
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Figure 6.2: The inverse relaxation time vs q2 for the splay mode. The line repres­
ents a fit: τ " 1 (kHz) = 0.138 q2 {μτη~2). 
We can choose to measure only the splay mode, by placing the sample in 
the heater with the rubbing direction perpendicular to the scattering vector 
q. In this case дц = q · η = 0 and we can calculate T)Spiay> using eq. 3.8: 
ріау = m(<l\\ = 0 ) = 7 ι -
Vb' 
(6.1) 
In figure 6.2, we plotted τ,. 1 a s a function of q2 and determined for the 
splay mode: 
-1 ¡ζ 
- Y = — — = 1-4 ± 0.2 χ 10 _ 1 0 N/Pa s. Q Vsplay 
Using KX = 4.4 pN [8], we find that: 
(6.2) 
u? 
Vsplay = 7i - — = 3.1 ± 0.4 x 10 _ 2 Pa s. 
Vb 
(6.3) 
By turning the sample around its surface normal, we can tune the rubbing 
direction to be along q. This means that, q± = 0 and we only excite the bend 
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Figure 6.3: The inverse relaxation time vs q2 for the bend mode. The line repres­
ents a fit: τ - 1 (kHz) = 0.347 q2 (μτη~2). 
mode. Following eq. 3.8 we find: 
Vbend = m(q±. = 0) = 7i . 
Vc 
(6.4) 
Figure 6.3 shows the relaxation time as a function of the scattering wave 
vector in this situation. We find that Кз/щ
еп<і = 3.5 ± 0.5 χ 10
- 1 0
 N/Pa s. 
Using Кз = 4.4 pN, this leads to: щ
еп<і = 7i - (μΙ/Ήο) = 1-3 ±0.2 χ Ю - 2 Pa s. 
We also measured r
r
 as a function of ç2, in the situation were the rubbing 
direction made an angle of 45° with respect to q, see figure 6.4. A combination 
of the splay and bend mode is measured, in this case. The wave vector q 
can be written as: q = (q±,0,q\\) = (^V^q,0, ^y/2q). This means that the 
effective viscosity coefficient т)
е
ц is given by (see eq. 3.8): 
Veff = М = ^ = 1^Я)=Ъ (Дз-Ы2
 ( 6 5 ) 
' 2 7/6 4- {μι +μ3+μ4 + Ms) + Ve 
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Figure 6.4: The inverse relaxation time vs q2 for a combination of the splay and 
bend mode. The line represents a fit: τ - 1 (kHz) = 0.153 q2 {μτη~2). 
and the effective Frank elastic constant is: 
*.// = tfl(q) = f + f · 
For 8CB, K
eff = Ki=Kz [8] and we find that: 
(μ3 - ß2? 
(6.6) 
Veff = 71 
m + (μι + ß3 + μ4 + ßb) + Цс = 2.8 ± 0.6 x irr
2Pa s. (6.7) 
From these three measurements, we can get a better insight in the values 
of the constants and viscosities playing a role. The viscosities we measured 
are comparable to the value found for 5CB {щсв — 2.3 χ I O - 2 Pa s [12]). 
Furthermore, we found that 71 > 3.1 χ Ю - 2 Pa s and that ( μ 2 / ^ ) < (μ2/7/«:) 
(probably). 
Note that the observation that Щепа < Vsplayi has also been seen in MBB A 
[15]. 
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Chapter 7 
Uniform planar cell 
After checking our set-up, sample holder and sample preparation technique 
via measurements on a bulk sample (chapter 6), we examined the properties 
of thin 8CB films, in order to study the surface effects. In this chapter I 
will describe the simplest kind of thin LC films, where the director field is 
undisturbed. These uniform thin films were formed in a so-called uniform 
planar cell. 
7.1 Sample preparations and properties 
Our planar cell consists of a flat fused quartz plate (as described in section 6.2) 
and a long focal glass lens with a focal length of 1.375 m. When both walls 
are cleaned thoroughly (see section 6.2), it is quite easy to press the two walls 
against each other, creating a finite contact region (size и 1 mm2) in this way, 
where the thickness is very small (d < 0.02 μπι).1 
After placing the planar cell in the heating stage, we have access to a con­
tinuous variety of thicknesses between ~ 0.02 μιη and 8 д т . 2 To determine 
the thickness dependences in these planar cells, we can measure the properties 
as a function of the position in the cell, because the thickness of the cell is 
directly related to the distance r with respect to the centre, where the thick-
lrThis small thickness is only possible when the contact region is small, because then it 
is easier to avoid dust particles within this region. 
2Note that the 8CB molecules tend to form bilayers with a thickness of about 2 nm. 
This means that in an 8CB film of 0.02 μιη thickness around 10 bilayers are present, while 
a film of 8 μιη contains about 4000 bilayers and can be regarded as bulk. 
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ness is minimal. By counting Newton's rings, we confirmed that the thickness 
was proportional to r 2 as expected for the distance between a spherical lens 
and a flat surface. 
In order to create a uniform planar cell, the lens and the quartz plate are 
coated with PVA and rubbed with a piece of velvet. The rubbing directions 
of the two cell walls are kept nearly parallel3, as in the bulk cell. After that, 
the cell is filled with a LC deep in the isotropic phase. Note that cycling of 
the temperature (as described in section 6.2) is even more important to get 
a perfect filling in these cells with varying thickness. After making all these 
preparations, we started the experiments. 
7.2 The IN-phase transition in a uniform planar 
cell 
First, we measured the thickness dependence of the temperature at which 
the IN-phase transition (which is accompanied by a jump in the scattering 
intensity) occurs. Figure 7.1 shows the change in this IN-phase transition 
temperature (with respect to the bulk value) as a function of the thickness in 
a uniform planar cell. 
In order to compare these results with the theoretical expression, we have 
to take into account that no strain occurs in a uniform planar cell, because 
the two walls impose equal alignment. The thickness dependence of the shift 
in the IN-phase transition temperature is, therefore, completely determined 
by capillary condensation and can be written as (see section 4.3.1): 
27ЛГ/ cos flffiA 
d L 
(7.1) 
when we follow the phenomenological theory of Sluckin et al. Figure 7.1 
shows that the observed behaviour can indeed be described with eq. 7.1 (the 
Kelvin-equation) over the whole thickness range. 
For a quantitative comparison, we fit the data (to eq. 7.1) and show that 
ΔΤ(Κ) = (6.8 ± 1.0) χ 10_9/<i(m). If we then substitute the known value for 
T
m
 (313.7 K) and cosé»^A = 1 4 in eq. 7.1, we find that: 
^ψ- = (2.2 ± 0.3) χ Ю - 1 1 m. (7.2) 
L· 
3The difference between the rubbing directions is smaller than 2°. 
4This value was determined for a 5CB-rubbed PVA interface [1]. 
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Figure 7.1: The change in the IN phase transition temperature as a function 
of thickness in a uniform planar cell. The line represents a fit to eq. 7.1: ΔΤ = 
6.8 mK/d(Mm). 
In contrast, the known values for 8CB (see table 6.1) give a ratio of about 
(0.8 ± 0.3) χ 10~ u m, which is a factor of ~ 2 — 3 lower. Comparison with 
the values of -ум and L for 5CB given in the literature (see table 6.1), on the 
other hand, leads to more similar values for this ratio: (2.3 ± 0.9) χ 1 0 - 1 1 m 
[2] or 3.1 x I O - 1 1 m [1]. 
To explain this deviation, we assume that the latent heat deviates from 
its bulk value 5 , and use a value for 7лг/ of 1.3 χ I O - 5 J/m 2 . 6 This value for 
the surface tension together with eq. 7.2 leads to an effective latent heat of 
(1.1 ± 0.2) χ 106 J/m 3 . This value is small compared to other known values: 
L « 2.4 χ 106 J/m 3 (see table 6.1). 
Regarding to other experimental observations, Yokoyama has measured 
the change in the IN-phase transition temperature of 5CB in a similar planar 
5We expect this because theoretical calculations show that the latent heat is quite sens­
itive to the dimensions of a confined liquid crystal [3]. 
6This value for the surface tension is derived from a combination of the ratio of the 
surface tension of 8CB and 5CB that is ~ 2/3 [2, 4] and the average value for bulk 5CB 
which is about 2 χ Ю - 5 J /m 2 (see table 6.1). 
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cell as ours. He found, however, that the behaviour could not be described 
by the Kelvin-equation over the whole thickness range. His results for small 
thicknesses (d < 0.3 μπι) could only be explained using a more exact theory 7 
[5], where the interaction between the walls is taken into account which leads 
to finite thickness analogues of the latent heat and the surface tension in 
eq. 7.1. As a result of this theory, the thickness dependence of the IN-phase 
transition temperature will be different from the \/d dependence, which is 
indeed observed by Yokoyama, but in contrast to our results. 
In conclusion, we found that the Kelvin-equation describes our results 
qualitatively over the whole thickness range, in contrast to the results of 
Yokoyama. Nevertheless, we observed a quantitative deviation which could 
be attributed to a small effective latent heat of 1.1 χ 106J/m3 (depending of 
the assumption for 7JV/), which is a factor ~ 2 lower than the bulk value. 
A possible explanation is the fact that the molecules close to the surface 
are strongly anchored to that surface and molecular layers are formed even 
in the isotropic phase [6]. This leads to a lower latent heat, because these 
solid-like layers will not contribute to it [7]. 
7.3 Dynamics in a uniform planar film 
In the same sample we measured the dynamics of the orientational fluctu­
ations, using quasi-elastic light scattering (described in chapter 3). We will 
try to explain the results using our theory described in section 4.4. 
As in the bulk sample, only the splay-bend mode is measured in the uni­
form planar cell. Furthermore, our choice to use small angles in the symmetric 
position implies that we observe only the torsion mode (see figure 5.2) and 
that the extra terms in the dynamics will come from the in-plane anchoring 
forces. In this uniform planar cell, the following relation for the in-plane an­
choring constants is applicable: C\ = C2 = С and we can rewrite the inverse 
relaxation time as a function of thickness (eq. 4.17): 
*s . . . о оч ¿С/ О (7.3) 
Again we can choose to excite only the "splay" part of the splay-bend 
mode, by placing the rubbing direction perpendicular to the scattering wavevector. 
7This theory is based on a Clausius-Clapeyron relation for the coexistence line. 
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Figure 7.2: The inverse relaxation time of the splay mode as a function of the 
inverse thickness in a uniform planar cell. The line represents a fit: τ - 1 (kHz) = 
2.ίά-1(μτα) -2.25. 
Figure 7.2 shows the inverse thickness dependence of the inverse relaxation 
time of the splay mode, measured with an incoming angle a of 4°. For 
thicknesses larger than 1.7 μπι ( d _ 1 < 0.6 μ π ι - 1 ) we found that the re­
laxation time is a constant close to the relaxation time of the bulk splay 
mode. For thicknesses smaller than 0.5 μπι ( d - 1 > 2.0 μ π ι - 1 ) , on the other 
hand, the data points are lying on a straight line following the equation: 
r
_ 1 (kHz) = 2Λ0ά~1(μτα~ι) — 2.25, as expected from our theory.8 For inter­
mediate thicknesses (0.5 μπι < d < 2 μπι) a transition region occurs. 
Using the fit for small thicknesses together with the values for К = 4.35 pN 
and 77ípíaj, = (3.1 ±0.4) χ IO - 2 Pa s (determined for the bulk sample (section 
6.3)), we can derive that the in-plane anchoring constant С for 8CB on PVA 
is given by С = (3.3 ± 0.9) x 10 - 5 J/m 2 . From reference articles [8, 9, 
10], we know that the values for the out-of-plane anchoring constants are 
8We found this equation by fitting the data using a single fitting parameter: С ¡η. The 
error in this parameter was found to be ~ 15%. 




Figure 7.3: The dispersion of the inverse relaxation time of the splay mode for 
different thicknesses in a uniform planar cell. О : d = 3 μπι, + : d = 0.46 μπι, 
• : d = 0.26 μπι. The lines represent fits through these three sets: τ - 1 (kHz) = 
0.138c2(¿im-2), τ - 1 (kHz) = 0.138?2(μπι-2) + 1.95, τ " 1 (kHz) = О.Ш^/лп" 2 ) + 
5.35, respectively. 
scattered between 1 0 - 7 and 1 0 - 3 J/m 2 , while the in-plane anchoring constants 
are a factor of 100 smaller. Our measurements are consistent with these 
observations. 
From our results we can also conclude that the experimental extrapolation 
length is about 0.5 μπι, while the calculated value is approximately 0.13 μπι. 
This implies that our theoretical equations (section 4.4) are also a good ap­
proximation for thicknesses up to 4 times the calculated critical thickness, 
although they are derived for thicknesses smaller than d
c
. 
As a further check of our theory, we also measured the dispersion of the 
dynamics of the splay mode for different thicknesses (see figure 7.3). We 
found that the inverse of the relaxation time behaves as q2, for thicknesses 
down to at least 0.2 μπι, which is predicted by our theory (eq. 7.3). We 
further note that a thickness of 3 μπι (i.e. about 1500 bilayers) can already 
be regarded as bulk. The fits for the other two thicknesses (d = 0.46 μπι and 
7.3 Dynamics in a uniform planar film 71 
\L«*nd) 
d" (μηι" ) 
Figure 7.4: The inverse relaxation time of the bend mode as a function of the 
inverse thickness in a uniform planar cell. The line represents a fit: τ - 1 (kHz) = 
4.2ίΓ1(μπι) - 4.5 
d = 0.26 μπι) correspond to the following consistent values for the in-plane 
anchoring constant: С = (3.4 ± 0.9) χ 10~5 J/m 2 and С = (3.1 ± 0.9) χ 
I O - 5 J/m 2, respectively. 
Finally, we also measured the thickness dependence of the relaxation time 
of the bend mode. The results of these measurements are plotted in figure 7.4 
together with a fit. For the bend mode the inverse relaxation time (in kHz) 
appears to behave as: 4.2<ί - 1(μπι - 1) — 4.5 for small thicknesses, which is 
exactly two times the equation found for the splay mode. This corresponds 
to a ratio between η3ρΐαν
 a n d Щепа of 2.0 ± 0.3. This value is practically the 
same as the ratio determined in the bulk measurements, where we found: 
VsplayIЩепа = 2.4 ± 0.4. This identity confirms our assumption that the bulk 
viscosities can be used in our theoretical equations. 
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7.3.1 Comparison w i th porous media 
Until now the only other measurements of the dynamics in confined liquid 
crystals have been performed in porous media. The intent of those experi­
ments was to show the effects of extreme confinement in combination with 
externally induced disorder on the dynamics [11, 12, 13]. This in contrast 
to our experiment where the influence of the confinement on the dynamics is 
studied exclusively. In spite of the different intentions of these experiments 
in porous media, we still want to compare our result with the scarce results 
that are available. 
In order to make this comparison, we have to take a few things into ac­
count, apart from the difference between an ordered and a disordered system, 
which makes for instance the excitation modes undistinguishable in porous 
media. Firstly, the dynamics in porous media can be divided in two parts: 
1). the fast dynamics, corresponding to the intrapore fluctuations; 
2). the slow dynamics, caused by the роге-pore interactions. 
In our planar cells, there is no equivalent to this pore-pore interaction, which 
implies that our measurements are only comparable to the measurements of 
the fast dynamics in the cylindrical pores. 
Secondly, the dimensions of our films are quite different from those in the 
porous media. Our thicknesses are of the order of 100 nm, while the pore radii 
are of the order of 20 nm. Note that when we would extrapolate our theory 
(r oc d, for small thicknesses) to thicknesses around 20 nm, the relaxation 
time would be of the order of 10 μβ, very close to the values found by Bellini 
et al. [11] (for a pore size of 17.5 nm, they measured relaxation times of the 
same order of magnitude). 
Thirdly, there is a considerable difference in the q-regime (q < 6 μ ι η - 1 in 
our case and q ~ 20 μ ι η - 1 in the other experiments [11, 12]). This difference 
could be the cause of the contrasting dispersion behaviour between our meas­
urements in thin LC films ( т - 1 oc q2) and the measurements of others in silica 
gels (τ independent of q) [11, 12]. This difference in the dispersion relation 
could, on the other hand, also be caused by the difference in the origin of the 
dynamics or the difference in the dimensions. 
7.3.2 Conclusion 
We have done the first experiments that show the pure influence of confine­
ment on the orientational dynamics in liquid crystals. This is in contrast 
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to earlier dynamical measurements (done in porous media), where the res­
ults are determined by a combination of extreme confinement and disorder 
[11, 12, 13]. 
From our results of the dynamical measurements in the uniform planar 
cells, we found that this influence of confinement can be fully described by 
our de Gennes-like fluctuation theory 9 that relates the relaxation time τ to 
the thickness of thin films, taking the anchoring to the walls into account. 
From the fits we could then derive a value for the in-plane anchoring con­
stant С for 8CB on PVA and found: С = (3.3 ± 0.5) χ I O - 5 J/m 2 , which 
is a reasonable value. Comparison with dynamical measurements in porous 
media is difficult, because of the large differences in the experimental para­
meters, and because these parameters cannot be controlled as well as in our 
experiments. 
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Chapter 8 
Twisted cell 
After the description of the uniform planar cell, we want to check the validity 
of our theoretical description in the case of strained LC layers. First we will 
describe the experimental results found for twisted cells which are often used 
in liquid crystal devices. In particular, we determined the influence of twist 
on the thickness dependence of the IN-phase transition and the dynamics, 
applying different amounts of twist. 
8.1 Preparation and properties 
The liquid crystal cells consist again of a long focal length lens and a flat 
substrate. To create a twisted configuration we give both walls homogeneous 
uniaxial alignment, using a rubbed PVA coating on both substrates (see sec-
tion 6.2 for the standard rubbing procedure), yet before fixing the cell the 
rubbing directions of the two walls are rotated with respect to each other. In 
this way, we prepared cells with 45 ± 4 and 90±4 degrees of twist, keeping the 
rubbing direction of one wall perpendicular to the scattering wave vector and 
rotating the other wall over 45° and 90°, respectively. The average director 
was then found to be precisely in between the two directions enforced by the 
walls,1 as can be expected for two walls with equal anchoring strengths. 
Note that in the 90°-twisted cell, the director field can rotate in two distinct 
twist-directions. This means that domains can appear in the sample with a 
left- or right-handed twist. 
'The average director in the 45"-twisted and 90°-twisted cells makes thus an angle of 
67.5° and 45° with respect to q, respectively. 
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Figure 8.1: The shift in the IN-phase transition temperature as a function of 
thickness for different amounts of twist. · : 45c-twist, + : 90°-twist. The line is the 
fit for the (non-twisted) uniform planar cell. 
8.2 Influence of the amount of twist on IN-phase 
transition 
We determined the influence of the twist on the thickness dependence of the 
IN-phase transition temperature, via measurement in 45°- and 90°-twisted 
cells. We plotted the data for our twisted cells in figure 8.1 together with the 
fit for the untwisted uniform planar cell, for comparison. We observe a drastic 
change in the behaviour, when a twist is introduced. For the 90°-twisted cell 
there seems to be no thickness dependence at all! 
In order to explain this behaviour, one should note that the applied twist 
will lead to a pure twist deformation in the liquid crystalline layer (see figure 
2.2). Because of this distortion, we need to use those equations of section 4.3 
that include strain terms. Compared to the uniform planar cell (chapter 7), we 
get an extra term that depends on the thickness regime. For large thicknesses 
the extra strain term has a 1/d2 dependence, while for small thicknesses this 
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Figure 8.2: The shift of the IN-phase transition temperature vs thickness in the 
45°-twisted cell. The line is a fit: ATNI(mK) = 6.8/d(^m) - 0.5/(гі(/лп))2. 
As shown in figure 8.2, the 45°-twisted cell data show a behaviour that is in 
qualitative agreement with these expectations. We expect, namely, a positive 
1/d-term that is equal to the term for the untwisted cell and a negative 1/d2-
term due to strain. We can fit the data with ΔΤ = A^/d — B^/d2, with 
Ai5 = 6.8 ± 1.0 mK/μπι and £45 = 0.5 ± 0.1 mK/(pm)2. Using a t w i s t = π/4 
and T/v/ = 313.5 К in eq. 4.9, we can calculate that in this system K2/L = 
(5.2 ± 1.0) χ 10~18 m 2. With a latent heat L of (1.1 ± 0.2) χ 10е J/m 3 (as 
determined in section 7.2), we then find a value of (6 ± 2) pN for K2· This 
value is about 4 times the expected value.2 
The phase transition temperature in the 90°-twisted cell seems to have no 
thickness dependence. From the fit for the 45°-twisted cell, we can derive that 
the shift in the IN-phase transition temperature for a 90°-twist («twist = π /2) 
will behave as: Δ Τ = Aw/d - B9o/d
2
, with Ago = 6.8 ± 1 . 0 тК/μηι and 
B90 = 2.0 ± 0.4 т К / ( д т ) 2 for larger thicknesses. When we plot this relation 
together with our data points, we find an excellent agreement for thicknesses 
2We expect that K2 « 0.5ΑΊ[1, 2] « 1.4 pN (see table 6.1). 















Figure 8.3: The IN-phase transition temperature in the 90°-twisted cell. The 
dashed line is derived from the fit of the 45°-twisted cell and de dotted line would be 
the behaviour for small thicknesses using С = 2.6 χ IO - 5 J/m2. 
down to 0.3 μπι (see figure 8.3). For this thickness regime the two terms 
(Ago/d and — Bgo/d2) nearly cancel each other and lead indeed to an apparent 
thickness independence of Тщ. 
For smaller thicknesses we find a deviation from this relation, as expected 
for thicknesses close to the critical thickness (see section 4.3.2). The phe-
nomenological theory of Sluckin et al. namely states that in this thickness 
regime a cross-over to a 1/(¿-dependence takes place (eq. 4.11). When we want 
to explain our results in this respect, we find that we can only give a lower 
limit: AT(d) > —0.6 mK/d(^m). In order to compare this with the theory, 
we should note that in these twisted cells C\ = C2 = C. This could lead to 
problems in applying eq. 4.11, because the critical thickness is zero, which 
means that the director field is never uniform.3 Despite of this, we will try to 
use this equation. In this respect, we should take into account that the dir-
ector field makes an angle of about 45° with respect to the easy axes of both 
Note that if we had a cell consisting of two different walls, we could apply eq. 4.11 
without any hesitation. 
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walls, which leads to an extra free energy equal to aC ~ 2Csin2(45°) = C.4 
We therefore get: Δ Τ = (TNI/L)[{2~fm - aC)/d\ for small d. From the 
"fit" for d < 0.3 μπι, we then find that TNIaC/L < 7.4 mK/μπι and aC < 
2.6 x 10 - 5 J/m 2 . Note that this value is in agreement with the value for aC 
we get using the value С = (3.3 ± 0.5) x 10~5 J/m 2 determined in chapter 7: 
aC = (3.2 ± 0.6) χ IO" 5 J/m 2 . 
We can conclude that the results for both amounts of twist agree with 
each other and can be qualitatively explained by the theory of Sluckin et al. 
over the whole thickness range. Quantitatively, however, an extra factor of 
4 ± 1 in front of the strain term in eq. 4.9 would lead to a better description. 
The only explanation for the appearance of this factor 4,1 can think of, is that 
the change of the director field in the z-direction is more complicated than we 
expected 5, leading to another formula for the strain term (see section 4.3.2). 
8.3 The twist induced change in the dynamics 
In the same twisted cells, we determined the twist induced changes in the 
dynamics. To describe these orientational dynamics, we would like to use the 
equations found in section 4.4. The problem, however, is that these equations 
only apply for thicknesses smaller than the critical thickness which is zero 
for two competing anchoring directions of the same strength. On the other 
hand, these equations seem to hold also for somewhat larger thicknesses, as 
is shown in the results for the non-twisted systems (see section 7.3). This 
implies that the validity of these equations can possibly be extended to the 
larger thickness regime and therefore we try to apply this equation also in 
this situation. 
When we want to use the formulae we have to take the equivalent of 
eq. 4.20, including the in-plane anchoring constants and C\ = C2 = C, plus 
the influence of the twist angle.6 This leads to the following expression: 
2 2л , 2Ccos(2/?) CPcosfyß) K{qi+qí) + (8.1) d ЪК 
with β the angle between the average director and the easy axes of the two 
4Note that there is an error of 4° in the twist angle. This means that 0.93 < α < 1.0. 
'Although our assumption of the change in the director field seems very reasonable (see 
section 4.2.2). 
6This influence is similar to the influence of the tilt angle given in eq. 4.19. 
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Figure 8.4: The relaxation time as a function of the film thickness in a non-twisted 
cell (o) and a configuration with 45°-twist (+). For both systems the bulk relaxation 
time is found to be 2 ms. 
walls.7 Equation 8.1 implies that applying a twist gives rise to a decrease in 
the last two terms at the right hand side. 
Concerning the viscosity factor η in eq. 8.1, one should remember that 
the average director of the twisted cells is making an angle with respect to 
the scattering wavevector of 67.5° and 45°, for the 45°- and 90°-twisted cell, 
respectively.8 This means that one does not measure a pure splay mode 
(where the angle between η and q is 90°) but a splay-bend mode. According 





section 6.3). For the 90°-twisted cell we will therefore expect that we need a 
viscosity factor η that is in between ηSp^ay and Щепаі while for the 45°-twisted 
7 The values for β in our experiments are therefore 22.5° and 45° for the 45°-twisted and 
90°-twisted cell, respectively (see section 8.1). 
8 The real situation is even more complex as the optical properties of the twisted nematics 
are quite different from those of the homogeneous nematics. This means that the values of 
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Figure 8.5: The inverse relaxation time vs inverse thickness in the untwisted 
(O) and 45°-twisted (+) cell. The lines are fits: τ - 1 (kHz) = 2.1/гі(дт) - 2.25, 
τ "
1
 (kHz) = 0.92/d(/un) - 0.11. 
cell the difference between η and η$ρΐαν will probably be negligible. Note 
further that the Frank elastic constant К always equals K\ and Kj for 8CB 
at Τ - T
c
 = 2°C (see table 6.1). 
In figure 8.4, the relaxation times as a function of the film thickness are 
plotted for the untwisted cell as well as for the 45° twisted cell. Note that the 
bulk relaxation times are equal, as could be expected, as η fa η3ρΐαν Plotting 
the relaxation times in this way reveals no large differences in the behaviour. 
In the twisted cell, the relaxation time seems slightly higher for thicknesses 
smaller than 0.5 μπι and slightly lower for thicknesses between 0.5 and 1.5 μπι, 
compared to the relaxation time in the untwisted cell. 
A larger difference can be observed, when we plot the inverse relaxation 
time vs. the inverse thickness (see figure 8.5). It is shown that the linear 
behaviour seen in the untwisted cell is also observed in a 45° twisted cell, but 
with a more gradual slope, while the extrapolated value for 1/d —> 0 is much 
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closer to rj^k, as expected from eq. 8.1.9 From the fit we can calculate cos(2/3) 
and find a value of 0.44 ± 0.07 (~ cos 64°), while we expected a value equal 
to cos 45°, which is approximately 0.71. This implies that eq. 8.1 describes 
the dynamics in this twisted system qualitatively, while quantitatively, the 
proportionality factor is 40% smaller than expected. 
For the 90°-twisted cell we again observed a decrease in the relaxation time 
for small thicknesses with respect to the bulk value. The bulk relaxation time, 
in this cell, was found to be 1.75±0.18 ms, which is ~ 0.7 times the bulk splay 
relaxation time. From this we can derive that the average viscosity factor in 
this twisted cell is η = 0.7η3ριαυ = (2.2 ± 0.5) χ 10~2 Pa s which is indeed in 
between q
spiay and Щепа· Note that is difficult to calculate or estimate the 
value of this viscosity factor theoretically, because of the non-uniformity of 
the director field and the unknown Miesowicz viscosities and Leslie coefficients 
(see section 6.3). 
Concerning the thickness dependence of the relaxation time, this seems 
very surprising with respect to our theory: instead of no thickness dependence 
as expected from eq. 8.1 (because cos (2/3) = 0) in a plot of τ - 1 vs d _ 1 , we find 
some points with a value fluctuating around a line corresponding to consid­
erably faster dynamics than expected (see figure 8.6). These fluctuations are 
probably due to the presence of domain walls in the sample (see section 8.1) 
or to competition between the splay and bend mode. 
When we would draw a straight line " through" those points the slope has 
about the same steepness as the slope measured for the untwisted cell, while 
the extra constant term is much smaller. This means that it is impossible 
to find one parameter (to put in eq. 8.1) that could account for both effects. 
And implies that eq. 8.1 does not hold at all, in this situation. 
This deviation can be understood when we take into account that other 
effects become important when the confinement effects of eq. 8.1 become zero. 
In that case one can predict the following behaviour [3]: 
For large thicknesses, the relaxation time equals the bulk relaxation time, 
but for d —> 0, the inverse relaxation time reaches a plateau with a value of 
Tbulk + C2/ηΚ ss 9 kHz. This prediction is in reasonable agreement with our 
results for the 90°-twisted cell. 
9 The two anchoring terms in eq. 8.1 will be smaller, because cos(2/3) is maximum in the 
untwisted cell. 
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Figure 8.6: The inverse relaxation time vs inverse thickness in the 90°-twisted 
cell. The two sets of data points are measured at different times. The results seem 
irreproducible, which is probably caused by the presence of domain walls between 
the left- and right-handed twisted domains. 
In conclusion, the dynamics in the 45°-twisted cell is described only qual­
itatively by our theory. This could be caused by the fact that we are always 
in the intermediate regime between d
c
 and bulk, where the behaviour is some­
where in between the bulk behaviour and the behaviour for d < d
c
 (as was 
observed in the uniform planar cells). Another possible reason is that the 
optics and the values of the wavevectors are different in twisted nematics, be­
cause of the variation in η along the sample. The dynamics in the 90°-twisted 
cell deviates both quantitatively and qualitatively and cannot be explained 
in the context of our theory, described in section 4.4. 
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Chapter 9 
Hybrid systems 
In this chapter, we describe the results of our measurements on hybridly 
aligned 8CB-films. An easy way to achieve a hybrid film is to deposit a LC 
film on a glass substrate. The free surface, namely, gives rise to homeotropic 
alignment, while the glass substrate aligns the molecules in-plane. In this 
thesis I will restrict myself to this kind of hybrid films.1 
Note that, in contrast to the situation in the twisted layers described in 
the previous chapter, the liquid crystal is bound to two dissimilar 'walls', 
with different anchoring strengths. This means that the critical thickness is 
non-zero, i.e. there is a thickness region, where the alignment is uniform and 
the behaviour should follow the theoretical expressions. 
9.1 Preparation 
To prepare LC-layers with one free surface, we can think of several ways: 
1. Evaporat ion onto the subst ra te : the LC is deposited on the sub-
strate by mounting the substrate above a bulk amount of LC that is 
heated to a temperature above its evaporation temperature. When we 
tried this technique, we observed a large shift in the IN-phase trans-
ition temperature, that maintained even for layers thick enough to be 
1
 Another method to prepare a hybrid film is to use a cell consisting of two glassy sub-
strates with different coatings: one that gives planar alignment (like PVA) and one that 
gives homeotropic alignment (e.g. silane). 
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comparable to bulk.2 This implies that the liquid crystal is probably 
contaminated in some way, for instance via chemical reactions with air. 
2. Deposition of droplets of a LC-solution: a certain amount of the 
LC is dissolved in a solvent. A droplet of this solution is deposited 
on the substrate and spreads out. The solvent then evaporates and 
the pure LC forms a flat droplet.3 The purity of these droplets was 
checked via comparison of the properties of thick droplets with the bulk 
values known from literature. This technique can also be used to make 
monolayers. 
3. Dipping the substrate in the LC: a Langmuir monolayer of the LC 
floats on a liquid (e.g. water) surface. When the substrate is dipped 
in this liquid and pulled out, a bilayer of the LC has formed on both 
sides of the substrate. Repeating this η times, would lead to LC-layers 
of thicknesses of η bilayers. Experiments show, however, that this only 
works well for thicknesses up to about 20 bilayers [1]. 
From these three methods, we choose method 2 to make our samples, as we 
want to measure not only very thin layers but also the cross-over to bulk-like 
layers. 
9.2 Properties of flat 8CB droplets 
To prepare the flat hybrid droplets we first made a solution of a known amount 
m of 8CB in a certain volume ν of iso-propanol. With a microlitre pipette, 
a droplet of 10 μΐ is dropped on the substrate. We calculated the droplet 
thickness which is the ratio between the 8CB volume VSCB m the droplet and 
the area A covered by the droplet: 
VSCB 10 μΐ τη 
Α ν pA 
with ρ the density of 8CB. By changing the concentration (™) of 8CB in the 
solution, we could vary the thickness of the layer. 
This happened already when the bulk 8CB was heated to a temperature only a few 
degrees above the evaporation temperature. 
3 The flatness of these droplets can be described via the ratio between the thickness d of 
the droplet and the in-plane droplet radius R, which is found to be: d/R < 1 0 - 3 . 
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The substrate was a nylon coated lime glass plate [2], on which the 8CB 
droplets became more flat than on untreated glass.4 The area of the flat 
droplet was typically in the order of 1 cm2. The range of thicknesses available 
in this way was from 0.09 дш to 1.5 μπι.5 The thickness was determined by 
counting Newton's rings for layers thicker than 0.5 μιη. With this value the 
validity of equation 9.1 was checked. For thin layers, we used equation 9.1 to 
calculate the layer thickness. 
The nylon coating imposes a quite strong planar anchoring on the liquid 
crystal. Furthermore, the nylon coated substrate was not rubbed which means 
that the anchoring was isotropic homogeneous at this boundary. The other 
boundary was formed by a free surface that aligns the molecules homeotrop-
ically. Under the influence of those two walls, the 8CB films are, therefore, 
hybridly aligned. 
Because of the two different boundaries, we expect to have also two quite 
different anchoring strengths. This means that, for very small thicknesses, all 
molecules will be forced to align along the preferred direction of the wall with 
the strongest anchoring. From observations of the scattering intensity, we 
know that the molecules in very thin films align parallel to the substrate sur­
face which means that the anchoring strength of the nylon coating is stronger 
than that of the free surface. 
9.3 The IN-phase transition in thin 8CB droplets [3] 
The results of the IN phase transition temperature measurements as a function 
of thickness in these thin 8CB droplets, showed very large negative shifts 
(almost two orders of magnitude larger than the ones measured in the LC 
cells) for thicknesses smaller than 0.5 μπι (see fig. 9.1). By plotting the shift 




 = A/d - B/d2 for d > 0.3 μπι (9.2) 
and 
ATNI = -C/d for d < 0.3 μπι, (9.3) 
4Nylon coatings are often used in LCD's to align the liquid crystal molecules 
homogeneously. 
'Note that all films contain at least 40 bilayers of 8CB molecules. 
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Figure 9.1: The change in the phase transition temperature vs thickness of thin 
8CB droplets. Note that the changes are more than one order of magnitude larger 
than in the planar cells. The inset shows a schematic picture of the system. 
with A = 0.17І0.03 mK/μπι, Β = 0.14І0.03 ΓηΚ/(μπι)2 and С = 0.28І0.06 
mK/μηι. 
These equations are in qualitative agreement with the theory of Sluckin et 
ai, as described in section 4.3.2. Quantitatively, however, we find a large 
deviation. Comparing, for instance, the right-hand term of equation 9.2 with 
the theory (using К = 2.8 pN [4]) leads to a value for the latent heat L of 
(7.7 ± 1.5) x 103 J/m 3 , which is a factor 142 smaller than what we found in 
the LC cells (see section 7.2). Using this very small value to calculate the 
other constants, we find: 7AT/(COS θζ" + cos θψ) = (0.42 ± 0.08) χ 10~5 J/m 2 . 
For 7Λ7 = 1.3 χ 10~5 J/m 2 this gives (cos Of7 + cos θξ?') = 0.32 ± 0.07. This 
is a little surprising, because both the nylon and the free surface [5] lead to 
extra ordering at the surface. Nylon is probably highly ordering, i.e. cos θ™ 
is close to 1, while the free surface also gives rise to a positive contribution. 
This means that we would expect that (cosflf^ + cosö^) > 1. 
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Figure 9.2: The change in the phase transition temperature times the thickness 
vs the inverse thickness of thin 8CB droplets. The straight line is a fit for inverse 
thicknesses smaller than 3 μπι"1: AT χ d = 0.17 - 0.14d_1, with ΔΓ in К and d in 
μπι. For d _ 1 > 3 μπι the function AT χ d is a constant value: -0.28 μπι К. 
In addition, a combination of eq. 4.10 and eq. 9.3 yields: 
1 m ^free surface 3 (0.45 ± 0.10) x 10 _ b K, (9.4) 
which leads to a value for Wf
ree
 surface of (1.1 ±0.2) χ I O - 5 J/m 2 . This value 
is close to the values found by others for 5CB (see table 6.1). Using this value 
°f Wfree surface' w e c a n determine the critical thickness 6 : 
dc = К/Щгее surface ~ ^/^nylon ~ K/Wbee surface = ° · 2 5 ± ° · 0 5 ^ m · T h e 
experimental value of 0.3 μπι is consistent with this value. We can conclude 
that although the measured temperature shifts are much larger than expected, 
an adjustment of the value of the latent heat alone, leads to reasonable values 
for the other constants, except for the value for (cosflf^ + cos9NI). 
We assumed that W
nyion » И ^ г е е surface, based on our observation that 8CB aligns 
planar to the surfaces, for very thin films. 
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On the other hand, when we include a factor of 4 in front of the strain term 
(as was supposed in section 8.2), we can calculate the following parameters 
from the fits: L = (3.1 ± 0.06) χ IO4 J/m 3 (which is 36 times smaller than in 
the LC cells), (cosΘ?1 + cos θψ) = 1.4±0.3 and W f r e e surface = (4.4 ±0.9) χ 
Ю
- 5
 J/m 2 . Note that this value of 1.4 determined for (cos of"7 + cosö^) 
is consistent with the excess of ordering at the nylon as well as at the free 
surface. This leads to the conclusion that the extra factor of 4 in eq. 4.9 is 
indeed necessary to explain the experimental results. 
Regarding the very small value of the latent heat, I would like to refer to 
an article of Marroum et oí. [6], where the latent heat was calculated for 5CB 
in cylindrical pores. They found that the latent heat can nearly disappear at 
Tc (being only 1/50 of the bulk value), as a consequence of the continuous 
nature of the transition. This implies that small latent heats are certainly 
possible, for very small LC dimensions. This explanation does not seem to 
hold in our case however, because firstly the IN-transition seems to be first 
order for all our droplet thicknesses. And secondly, our results seem to be 
consistent with a small latent heat over the whole thickness range (between 
0.1 and 0.5 μπι). 
A second possible explanation could be the appearance of smectic layers 
in the bulk isotropic phase at a homeotropic aligning surface, like the free 
surface [4,6-8].7 These smectic layers can be present for temperatures up to 
~ 10° above the transition to the smectic phase [8] and give rise to a larger 
order parameter Q/in the isotropic state. As the order parameter Q¡ in the 
isotropic phase increases, the latent heat at the IN-phase transition becomes 
smaller, because it is proportional Q2N — Qj, with QN the order parameter 
in the nematic phase [10]. Note that this second explanation can account for 
the difference between the results found in the cells and the results found in 
the droplets, because the homeotropic alignment is the important factor for 
the small latent heat. 
A third possible explanation could be the influence of small domains 
caused by the unrubbed nylon surface (see section 4.2.1) on the order para-
meter in the nematic phase. The formation of a large amount of small domains 
could possibly lead to a smaller order parameter in the nematic phase and 
therefore a smaller latent heat at the IN-phase transition. Note that the ex-
tra amount of disorder caused by these domains is thickness-independent, in 
contrast to the explanations mentioned above. 
7Note that the amount of smectic layers will be in the order of 1-10. 
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Figure 9.3: The relaxation time vs thickness in thin 8CB droplets. The bulk 
relaxation time is 1.9 ms 
Measurements in a hybrid cell consisting of a silane coated lens and a 
(rubbed) PVA coated flat glass plate, could give better insight in the source 
of the small latent heat in these thin droplets. 
9.4 Dynamics 
In the same films we studied the dynamical behaviour and compared it with 
our theoretical expressions (section 4.4). Figure 9.3 shows that in these hybrid 
layers a decrease in the relaxation time for smaller thicknesses is found, as has 
been observed in the LC cells. However, the behaviour for the limit of d —>· 0 
seems quite different. Even so, this behaviour for very small thicknesses can be 
explained very well with a theoretical equation comparable to the ones given 
given in section 4.4. Again we measured only the torsion mode. This means 
that we need an expression like eq. 4.17, where we have to take C\ = C n Y ¡ o n 
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(9.5) 
Note that for an unrubbed nylon surface, the contributions of a continuous 
variation of director orientations will be measured. This means that the 
effective viscosity, that depends on the director orientation with respect to 
the scattering wave vector, will be in between r)Spiay (3-1 x Ю - 2 Pa s) and 
Щепа (1-27 χ I O - 2 Pa s). The exact value for q
e
jf is the average of η\ in 
eq. 3.8 over all possible directions of q with respect to n. This value could 
not be calculated, because the values of the Leslie coefficients and Miesowicz 
viscosities are unknown, but should be similar to the value of 2.2 χ Ю - 2 Pa 
s measured in the 90°-twisted cell (see section 8.3). 
Experimentally, we can derive the value of щц via the bulk relaxation 
time (1.9 ms) and the known values of q (1.71 μιη" 1 ) and К (4.35 pN), and 
calculate that r\tjj is (2.4 ± 0.5) x 10 - 2 Pa s in these flat 8CB droplets, in 
perfect agreement with the estimation stated above. 
In order to compare eq. 9.5 with our results, we plotted τ - 1 as a function 
of d - 1 for the thin droplets (see figure 9.4). Fitting these data then gives: 
' ~ ' < k H z > - 5 5 = ) - 1 7 5 · < 9 · 6 ' 
From this fit and the values of q, К and rfe¡¡, we can calculate that Cnyion = 
(2.7 ±1.0) x 10 - 5 J/m2 , which is of the same order as the value found for the 
8CB-PVA interface. This is not surprising, because both coatings are often 
used to give good planar alignment. 
Regarding the extrapolation thickness of our theory, one should note that 
it equals the critical thickness (defined as K/WfTee surface — K/Wny\on) and 
does not depend on C n y l o n . Using Wny[on > WÎTee s u r f a c e « 1.1 x 10~5 J /m2 
(as found in section 9.3), we can calculate that dc и 0.4 μιη (at Τ = Τ/ν/—2°C), 
which is close to the experimentally determined value of 0.5 μτα. 
8 The free surface tends to align the 8CB molecules perpendicular to its surface (i.e. there 
is no preferred direction in the x, y-plane), which implies that the anchoring energy contains 
only an out-of-plane anchoring constant. 
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Figure 9.4: The inverse relaxation time vs inverse thickness in thin 8CB droplets. 
The line represents a fit: τ - 1 (KHz) = 1.11/<ί(μιη) - 1.75. 
Introduction of the extra factor 4 in front of the strain term (see sec­
tion 9.3), leads to a extrapolation thickness equal to 0.1 μηι, which is 5 times 
smaller than the experimentally determined value (similar to the result found 
in the uniform planar cell (section 7.3)). 
We can conclude that the results of the measurements of the dynamics 
in flat 8CB droplets can be explained using similar constants in our theor­
etical expressions as for the (uniform planar) LC cells. This in contrast to 
the results of the phase transition temperature measurements, that seem to 
involve a much smaller latent heat which could be related to the presence of a 
(homeotropically aligning) surface or small domains formed by the structure 
of the unrubbed nylon surface. Measurements in other hybrid cells could give 
more insight in the real source of this small latent heat. 
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Summary 
The behaviour of nematic liquid crystals in liquid display cells is highly in­
fluenced by surface properties. To probe these surface effects a liquid crystal 
can be confined to a geometry, where the bulk properties are suppressed with 
respect to the surface properties. In this thesis we studied thin planar films 
of the liquid crystal 8CB, and determined the thickness dependence of both 
the isotropic-nematic phase transition and the dynamics of the orientational 
fluctuations in the nematic phase. 
A quasi-elastic light scattering technique was used to measure these prop­
erties. In such an experiment the sample is placed between crossed polarizers 
and the total intensity as well as the dynamics of the intensity fluctuations of 
the scattered beam are examined. Prom the total scattered intensity we de­
termined the phase transition temperature, because the isotropic to nematic 
phase transition is accompanied by a large jump in the scattered intensity from 
almost zero in the isotropic phase to a considerable amount in the nematic 
phase. The dynamics of the orientational fluctuations was also determined 
using this technique, because it is proportional to the dynamics of the intens­
ity fluctuations, which can be determined by measuring the autocorrelation 
function. 
The samples for these measurements were thin LC films. These are pre­
pared in two forms: 
1) Cells containing a continuous variation of thicknesses between 0.02 and 
8 /ш, using a long focal length lens and a flat fused quartz plate as the two 
walls. These cells were filled with 8CB, using capillary action (chapter 7). 
2) Flat 8CB droplets on a glass substrate. These are prepared by deposition 
of a droplet of an 8CB-iso-propanol solution, which spreads out nicely on the 
substrate; followed by slow evaporation of the iso-propanol, which leaves a 
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flat ада pure9 8CB droplet (chapter 9). 
Coatings were used to create different kinds of strain in the LC layers: the 
twist deformation is studied in chapter 8, while the splay-bend deformation, 
which occurs in so-called hybrid films, is studied in chapter 9. 
To describe our observations on the isotropic-nematic phase transition 
temperature, we used a theory of Sluckin et al. Our measurements can be 
explained qualitatively with these calculations over the whole thickness range. 
Quantitatively, however, a slightly larger shift (by a factor of 2) is observed 
in the cells, while the shifts found in the droplets are another factor of 65 
larger. A possible explanation could be the presence of smectic layers at the 
free surface in the isotropic phase or the presence of domains formed at the 
unrubbed nylon coated glass surface, leading to a large reduction of the latent 
heat at the IN-phase transition in the 8CB droplets. 
To analyse the measurements of the relaxation time, we needed to take 
three things into account: 
1) the influence of the scattering geometry on the measured fluctuation mode, 
where each mode has its own relaxation time (section 3.3); 
2) a correction factor, relating the measured decay time in the heterodyne 
regime with the true relaxation time (section 3.4); 
3) a newly developed de Gennes-like fluctuation theory that takes the surface 
anchoring into account. These additional effects lead to a new (thickness 
dependent) expression for the relaxation time in thin films (section 4.4). 
The results for the untwisted cell and the flat LC droplets are explained 
very well by our theory and can be used to determine the in-plane anchoring 
constants of the 8CB-wall interfaces. For the 45°-twisted cell, however, our 
theory agrees only qualitatively with the measured results, while the results 
for the 90°-twisted cell deviate quantitatively as well as qualitatively from 
this theory. These deviations may be due to the fact that in the twisted 
systems the validity of our theory is not guaranteed, because we can never 
reach the thickness regime in which the theory is known to hold. Another 
possible reason is that the optics in twisted nematics are more complex than 
in uniform layers, due to the variation in the director orientation. This gives 
rise to other values for the scattering wavevector. 
Summarising, we find that our theory concerning the dynamical behaviour 
9 To check this purity, we measured the properties of thick 8CB droplets and confirmed 
that they equalled the bulk values. 
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describes the experimental results very well, while Sluckin's theory seems to 
give only approximate results, with respect to the temperature shifts. We 
can conclude furthermore that analysis of our measurements, using these the-
oretical expressions, can lead to the determination of (surface) properties of 
the used liquid crystal and the liquid crystal-substrate interface like anchor-
ing constants, surface tension and the viscosity factors of different distortion 
modes, which is relevant for technical applications in LCD's, for instance. 
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Samenvatting 
Het gedrag van nematische vloeibare kristallen in vloeibaar kristal displays 
(LCD's) wordt in hoge mate beïnvloed door oppervlakte-eigenschappen. Om 
deze oppervlakte-effecten te onderzoeken, kunnen we een vloeibaarkristal in 
een nauwe ruimte plaatsen, waarin de buik-eigenschappen onderdrukt wor-
den ten opzichte van de oppervlakte-effecten. In dit proefschrift hebben we 
dunne lagen van het vloeibaarkristal 8CB bestudeerd, en hebben we de dikte-
afhankelijkheid van zowel de faseovergang van de isotrope naar de nematische 
fase, als de dynamica van de oriëntatie-fluctuaties in de nematische fase be-
paald. 
Een quasi-elastische lichtverstrooiingstechniek is gebruikt om deze eigen-
schappen te meten. In zo'n experiment wordt het sample tussen gekruiste 
polarisatoren geplaatst en worden zowel de totale intensiteit als de intensi-
teitsfluctuaties van het verstrooide licht bekeken. Met behulp van de totale 
intensiteit hebben we de faseovergangstemperatuur bepaald, aangezien de fa-
seovergang van ïsotroop naar nematisch vergezeld wordt door een grote sprong 
in de verstrooiingsintensiteit van bijna nul in de isotrope fase naar een aanzien-
lijke waarde in de nematische fase. De dynamica van de oriëntatie-fluctuaties 
werd ook bepaald met behulp van deze techniek, aangezien zij evenredig is 
met de intensiteitsfluctuaties van het verstrooide licht, die bepaald kan wor-
den door de autocorrelatiefunctie te meten. 
De voor deze metingen gebruikte samples zijn dunne vloeibaar kristal 
films. Deze zijn in twee vormen gemaakt: 
1) Cellen, die een continue variatie aan diktes bevatten tussen 0.02 en 8 μπι, 
gebruikmakend van een lens met een lange brandpuntsafstand en een vlak 
plaatje van amorf kwarts als de twee wanden. Deze cellen worden gevuld met 
8CB via zogenaamde 'capillaire werking' (hoofdstuk 7). 
2) Platte 8CB druppels op een glasachtig substraat. Deze zijn gemaakt door 
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een druppel van een 8CB-isopropanol-oplossing op het substraat te laten val-
len, waarna deze druppel zich netjes uitspreid. Dit wordt gevolgd door een 
langzame verdamping van de isopropanol, waarna een platte en zuivere1 8CB 
druppel overblijft (hoofdstuk 9). 
Coatings zijn gebruikt om verschillende vormen van stress in de vloei-
baar kristallagen aan te brengen: de gedraaide (twist) deformatie wordt in 
hoofdstuk 8 besproken, terwijl de 'splay-bend' deformatie, die in zogenaamde 
hybride films ontstaat, in hoofdstuk 9 behandeld wordt. 
Om onze waarnemingen met betrekking tot de IN-faseovergangstempe-
ratuur te beschrijven, hebben we gebruik gemaakt van een theorie van Sluckin 
et al. Onze resultaten kunnen kwalitatief verklaard worden met deze bere-
keningen, over het gehele dikte-interval. Kwantitatief echter, vonden we in 
de cellen een verschuiving die een factor 2 groter was, terwijl de verschuivin-
gen die we in de druppels vonden nog eens een factor 65 groter bleken. Dit 
kan toegeschreven worden aan een veel kleinere latente warmte. Een moge-
lijke verklaring hiervoor zou de aanwezigheid ven smectische lagen aan het 
luchtoppervlak in de isotrope fase kunnen zijn of de aanwezigheid van kleine 
domeintjes gevormd door het ongewreven met nylon gecoate glasoppervlak, 
wat tot een aanzienlijke vermindering van de latente warmte zou kunnen lei-
den in de 8CB druppels. 
Om de relaxatietijd metingen te analyseren moesten we rekening houden 
met drie factoren: 
1) de invloed van de verstrooiingsgeometrie op de gemeten fluctuatiemode, 
waarbij elke mode zijn eigen relaxatietijd heeft (paragraaf 3.3); 
2) een correctiefactor, die de gemeten vervaltijd in het heterodyne regime aan 
de relaxatietijd relateert (paragraaf 3.4); 
3) een nieuw ontwikkelde de Gennes-achtige fluctuatietheorie, die de veranke-
ring aan de oppervlakken in rekening brengt. Deze extra effecten leidden tot 
een nieuwe (dikteafhankelijke) uitdrukking voor de relaxatietijden in dunne 
films (paragraaf 4.4). 
De resultaten van de ongetwiste cel en de platte druppels worden prima 
verklaard door onze theorie en kunnen gebruikt worden om de invlaks-ver-
ankeringsconstanten van de 8CB-wand-oppervlakken (indirect) te bepalen. 
De meetresultaten van de 45°-getwiste cel komen echter alleen kwalitatief 
10Om deze zuiverheid te testen, hebben we de eigenschappen van dikke 8CB druppels 
bepaald en bevestigd dat ze overeenkwamen met die van de bulk. 
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overeen met onze theorie, terwijl de resultaten van de 90°-getwiste cel vol-
ledig afwijken van de verwachtingen. Deze afwijkingen zouden veroorzaakt 
kunnen zijn door het feit dat de geldigheid van onze theorie niet gewaarborgd 
is in de getwiste systemen, omdat we nooit het dikteregime kunnen bereiken 
waarbinnen de theorie met zekerheid geldt. Een andere mogelijke oorzaak is 
de veel complexere optica in getwiste nematica, door toedoen van de variatie 
in de director-oriëntatie. Hierdoor veranderen de waarden van de verstrooi-
ingsvector. 
Samenvattend, onze theorie met betrekking tot het dynamische gedrag 
beschrijft de experimenteel gevonden resultaten erg goed, terwijl de theo-
rie van Sluckin slechts in benadering overeenkomt met de resultaten voor de 
faseovergangen. We kunnen verder concluderen dat analyse van onze metin-
gen, met behulp van deze theoretische uitdrukkingen, tot de bepaling kan 
leiden van (oppervlakte) eigenschappen van het gebruikte vloeibaarkristal en 
het vloeibaarkristal-substraat-oppervlak, zoals de verankeringsconstanten, de 
oppervlaktespanning en de viscositeitsfactoren van de verschillende deforma-




In dit hoofdstuk, wil ik op een zo begrijpelijk mogelijke wijze vertellen waar 
dit proefschrift over gaat. Ik hoop dat vrienden en familie zo ook iets te weten 
te komen over het onderzoek, waarmee ik me de laatste jaren bezig gehouden 
heb. 
Dit proefschrift gaat over de metingen, die ik gedaan heb aan dunne laagjes 
van een materiaal dat bekend staat als een vloeibaarkristal. Verderop zal ik 
vertellen wat voor materiaal dit is. Als je zeer dunne laagjes van dit materiaal 
maakt (dunner dan een duizendste millimeter), dan blijken de eigenschappen 
van deze stof sterk af te hangen van de precieze dikte. Ik heb, na onderzoek, 
gevonden dat de moleculen in dunnere laagjes sneller bewegen en de overgang 
van vloeistof naar vloeibaarkristal bij een andere temperatuur plaatsvindt 
dan in dikkere lagen. Het precíese gedrag bleek daarbij in belangrijke mate af 
te hangen van de wanden, waartussen het vloeibaarkristallaagje zich bevindt. 
Vloeibare kristallen en dunne laagjes 
Vloeibare kristallen komen voor in de bekende digitale horloges en zakre-
kenmachines, maar ook in de platte beeldschermen van draagbare computers 
(laptops), videocamera's en televisies (van de toekomst). In deze toepassingen 
vormen de vloeibare kristallen dunne lagen. Alleen al vanwege het gebruik 
van vloeibare kristallen in dergelijke technische toepassingen, is het interes-
sant om deze lagen te bestuderen. Een tweede belangrijke reden om onderzoek 
te doen aan dunne vloeibaarkristallagen is dat ze, in combinatie met een vast 
oppervlak, een "model" vormen waarin bepaalde interessante natuurkundige 
effecten, die zich aan het oppervlak afspelen, makkelijk bestudeerd kunnen 
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worden. 
Vloeibare kristallen bestaan uit langgerekte moleculen, die je kunt be-
schouwen als staafjes. Deze "staafjes" willen zichzelf ordenen, door netjes 
naast elkaar te gaan liggen. Een opvallende eigenschap van vloeibare kris-
tallen is dan ook dat de moleculen elkaar sterk beïnvloeden over een afstand 
van een tiental moleculen: binnen deze afstand willen alle moleculen dezelfde 
kant op wijzen. Dit is hun voorkeursstand. 
Dit betekent dat verscheidene oppervlakte-effecten heel goed zichtbaar 
worden, wanneer de vloeibaarkristallaagjes de dikte van een tiental vloei-
baarkristalmoleculen bereiken. In dit geval spreken we van begrenzing van 
het vloeibaarkristal. Omdat deze invloedsafstand in vloeibare kristallen re-
latief groot is (normaal is deze afstand slechts één molecuul breed), is het in 
verhouding makkelijk om zo'n begrenzing te bereiken. 
Voorbeelden van begrenzingsverschijnselen zijn: 
- verandering van de faseovergangen in gedrag en/of temperatuur 
- verandering van de stand van de moleculen 
- veranderingen in de bewegingen van de moleculen. 
Ik heb de invloed van begrenzing bepaald op zowel de faseovergang tussen 
de vloeistof-fase en de vloeibaarkristal-fase, als op de snelheid waarmee de 
moleculen van richting veranderen. 
Begrenzing van het vloeibaarkristal 
Ik heb het vloeibaarkristal op verschillende manieren begrensd. Hierbij heb 
ik gebruik gemaakt van een opmerkelijke eigenschap van vloeibare kristal-
len. Deze eigenschap houdt in dat de richting van de vloeibaarkristalmole-
culen langs een oppervlak bepaald wordt door dat oppervlak. Je kunt dus 
de richting van de moleculen beïnvloeden, door de juiste wanden te kiezen, 
waartussen je het vloeibaarkristal opsluit. 
De moleculen kunnen plat langs het oppervlak liggen of rechtop staan (zie 
figuur 1). Als ze plat liggen kun je daarbij ook nog de richting bepalen van 
de lengte-as van de moleculen. Dit doe je door het oppervlak te wrijven in 
één richting. Hierdoor ontstaan groefjes waarin de moleculen willen liggen. 
Dit effect kun je gebruiken om verschillende laagjes te maken tussen de 
wanden. Alle moleculen binnen de laag kunnen bijvoorbeeld staan of in de-
zelfde richting liggen. We spreken dan van uniforme laagjes. Maar je kunt 
ook twee gewreven oppervlakken ten opzichte van elkaar draaien zodat je 
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Figuur 1: a. Vloeibaarkristalmoleculen liggend op een oppervlak, b. Dezelfde vloeibaarkristal-
moleculen willen rechtop staan op een ander oppervlak (bv. een luchtoppervlak). 
Figuur 2: a. De vlocibaarkristalcel bestaande uit een vlak glasplaatje en een bolle glazen 
lens. Hierin zijn de uniform liggende en de gedraaide laagjes gemaakt, b. De dunne 
hybride vloeibaarkristallaagjes bevinden zich tussen een glasplaatje en lucht. 
gedraaide (getwiste) laagjes krijgt. Daarnaast heb je bijvoorbeeld nog een 
vorm, waarbij de moleculen langs het ene oppervlak liggen, maar recht op het 
andere oppervlak staan (de zogenaamde hybride vorm). 
Ik heb mijn metingen gedaan aan uniform liggende (planaire) laagjes, 
gedraaide laagjes en hybride laagjes. De eerste twee laagjes werden begrensd 
door een gewreven bolle lens en een gewreven vlak glasplaatje. Zo was er een 
continue variatie in de dikte aanwezig binnen de cel (zie fig. 2a). De hybride 
laagjes werden gemaakt door het vloeibaarkristal op een glasplaatje aan te 
brengen. Hierbij ontstaan dunne druppels, waarbij de moleculen recht staan 
t.o.v. het luchtoppervlak en op het glas liggen (zie fig. 2b). 
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Stress 
Voor de drie bovengenoemde soorten laagjes, heb ik de overgangstemperatuur 
tussen de vloeistof-fase en de vloeibaarkristal-fase gemeten. De resultaten zal 
ik hier kort bespreken en proberen uit te leggen. 
In de uniform liggende laagjes bleek de overgangstemperatuur naar boven 
te schuiven, als de dikte kleiner werd. De reden hiervoor is het ordenende 
effect van de oppervlakken: deze zorgen ervoor dat de moleculen vlak bij de 
oppervlakken altijd netjes naast elkaar liggen, ook als de rest nog doorelkaar 
ligt (zoals bij hoge temperaturen het geval is). Als we nu de temperatuur ver-
lagen dan zullen de geordende laagjes van de kant naar het midden toe groeien. 
Wanneer de oppervlakken nu dichter bij elkaar liggen, dan zal het gehele laagje 
ertussenin, al bij hogere temperaturen geordend (in een vloeibaarkristal-fase) 
zijn. De overgang van de vloeistof-fase (gekarakteriseerd door doorelkaar lig-
gende moleculen) naar de vloeibaarkristal-fase vindt dan dus plaats bij een 
iets hogere temperatuur. Dit kan een tiende graad schelen. 
In tegenstelling tot bovenstaand effect, daalde de overgangstemperatuur 
in de gedraaide en hybride laagjes. Het verschil zit hem in een extra "stress" 
term. Deze term komt voor in situaties waar de moleculen door de verschil-
lende wanden in verschillende richtingen geforceerd worden. Dit betekent 
voor een heel dunne laag, dat de moleculen niet allemaal netjes naast elkaar 
kunnen liggen, zoals ze graag zouden willen. De moleculen zouden nu moeten 
kiezen of een compromis bedenken en raken daardoor "gestresst". Daardoor 
blijven ze langer ongeordend dan normaal. De overgang naar een meer geor-
dende toestand ontstaat dan ook pas bij een lagere temperatuur bij gedraaide 
en hybride laagjes. 
Alhoewel de kwalitatieve vorm van de resultaten inderdaad met deze the-
orie verklaard kan worden, blijken er nog wat kwantitatieve verschillen te zijn. 
Vooral de hybride films onderscheiden zich omdat de gemeten verschuivingen 
vijftig keer groter zijn dan verwacht op grond van de theorie. Dit verschil 
kan veroorzaakt zijn door het luchtoppervlak, door het glasoppervlak of door 
de hybride vorm. Dit zal verder uitgezocht moeten worden om uitsluitsel te 
geven. 
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Bewegende moleculen 
Zoals gezegd heb ik ook de bewegingen van de moleculen bekeken. Hierbij 
heb ik de volgende dingen zien gebeuren. 
In dikke lagen bewegen de moleculen zich in een vaste tijd terug naar 
hun voorkeursrichting, nadat ze uit evenwicht gebracht zijn. Deze tijd wordt 
de relaxatietijd genoemd. Wanneer we nu dunne laagjes onderzoeken, dan 
zien we dat die relaxatietijd korter wordt naarmate de laag dunner wordt. 
Dit blijkt samen te hangen met de sterkte waarmee de moleculen vastzitten 
aan het oppervlak. Als ze erg vastzitten en de moleculen nauwelijks kunnen 
bewegen, dan staan alle moleculen sneller in hun voorkeursrichting. Anders 
gezegd: het is de moleculen niet geoorloofd om ver of lang af te wijken van 
hun standaardrichting. 
Dit effect wordt versterkt als beide wanden dezelfde standaardrichting op-
leggen: er zijn nu twee meesters die de moleculen op hun plaats houden. Wan-
neer de twee wanden de moleculen echter in tegengestelde richtingen proberen 
te dwingen, onstaat er een conflictsituatie. Hierdoor krijgen de moleculen iets 
meer vrijheid, waardoor de relaxatietijd niet zo klein zal worden als in een 
uniforme situatie. De gevonden resultaten komen redelijk overeen met deze 
vereenvoudigde uitleg. 
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